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Tnstia (Latin) ces Island Here's one mote type of British j 


made capacitor for which you can thank Dubilier —if you're in a 

thanking mood. We used to depend on foreign sources until 

Dubilier pioneered the 100% British Ceramic Receiving Capaci- 

tors. Now we can show them a thing or two. They are constructed 

UBI LIER with low loss ceramic material and finished with wax or high grade 
. —_ enamel to suit operating conditions. Type C.P. are enclosed in a 
Ht low loss high resistivity ceramic tube, which is hermetically 
sealed. This is an outstanding example of the small dimensions 


and high insulatory properties for which the whole range is notable. 


The, fact that goods made of raw materials in short supply owing to war conditions are advertised in 
this magazine should not be taken as an indication that they are necessarily available for export. 
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FREQUENCY BRIDGE TYPE 





A complete descrip- 
tion of this Bridge is 
given in Bulletin 
B-526-B, which will 


be sent on request. 








D-101-A 


A Bridge for the measurement of audio frequencies—simple to 


operate—direct reading-- outstandingly accurate—reasonably priced. 





* Frequency range, 100 c.p.s. to 12,100 c.p.s. 


* Direct reading on two decade dials and a third continuously 
variable dial. 


* Measuring accuracy + 0.25% + 1 c.p.s. 

* Reading accuracy — better than 0.05% over the whole range. 
* Accuracy unaffected by stray magnetic fields. 

* Input impedance 400-1,509 ohms unbalanced. 

* Telephones form a suitable detector for most measurements. 


* Light and easily portable. 


MUIRHEAD & CO. LTD., ELMERS END, BECKENHAM, KENT. 
TELEPHONE: BECKENHAM 0041-2 M U : R a EA D) 


FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 
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LOOKING 
AHEAD . 


The day that hostilities cease may be 
a little late to start deciding who 
shall supply the Transformers and 
Chokes for your post-war product. 
Why not let us have a rough idea 
NOW of what you will want, and let 
us submit suggestions and proto- 
types ? , 
Just at the moment we are extremely 
busy making hundreds of thousands ( 
\ 







of transformers for the battle front, 

but we are able to devote a certain 
amount of thought and planning for 
post-war. 


How much can you 
condense a condenser 





Installed in our new factory is the 
very latest in Coil Winding Machines, 
vacuum impregnating plant, test | 
equipment, and everything necessary | 
for the production of the finest 
transformers that are made. 


Drop us a line and let us show you * 
the latest fashions. You are bound 
to be interested ! 





TRANSFORMER CO. LTD. 
MOXLEY ROAD, BILSTON, STAFFS. 


Telephone: BILSTON 41959-0 











M ida a 


Midgets in size but giants in performance 
are these U.I.C. Miniature Condensers. 
Especially suitable for use in the latest 
Service type miniature radio transmitters 
and receivers, they are efficient and de- 
pendable under all climatic conditions. Made 
to specification K.110. Type approved. Full 


details on request. Write for characteristics 


UNITED INSULATOR CO. LTD. oi BASICALLY BETTER 
12-22 LAYSTALL ST., LONDON, E.C.1 4 A/R-S PACED 


Tel: TERminus 7383 (5 lines) Grams: Calanel, Smith, Londor 









aimee: | CO°AX/0W/0 GABLES 


TRANSRADIO LTD. t6 THE HIGHWAY: BEACONSFIELD-6-BUCKS. 
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MINIATURE or MIDGET 











THE SCIENTIFIC 


a\\ VALVE 


HARROW 
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BELLING ¢ LEE LTD 


CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX 
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VIBRATORS - TRANSFORMERS - SWITCHES - COILS 





















Specially designed to give the maximum gain and 
selectivity combined with lilliputian dimensions*- 
Wearite I.F. Transformers are provided with one- 
hole fixing, the terminal wires being fed through 
insulated bushings thus preventing movement 
after mounting. They are available in the 
following “preferred” frequencies. 











M.400.,.......460Kc/s M.405............ 1.6 Mc/s 
M.411......... 2.1Mc/s M.415......... 4.86 Mc/s 
Mi416;..........: 9.72 Mc/s 


as well as in frequencies for particular applications. 


Fullest details cf the com- 
plete range of Wearite I.F. 


@ Coils enclosed in pot-type iron dust cores 
@ Tuning by means of adjustable iron dust centre cores 
@ Fixed tuning condensers-contained in screening can Transformers will gladly be 


* Dimensions :— 43” squate x 143” high. sent on request. 


WRIGHT & WEAIRE LTD 


A Name as Old as the Radio Industry 
HIGH ROAD - TOTTENHAM - LONDON - N47 TELEPHONE: TOTTENHAM 3647-9 , 














“AVO”’ Electrical 
Testing Instruments 
are actively engaged 


ae 
a : PEs on the fighting and 
Ole rec al factory fronts, sharing 


INSTRUMENTS. 2 8feat responsibility 
with a proud sense 
of duty and high con- 
fidence in the future. 








It will therefore be appreciated by our numerous trade friends 
that we can only accept orders which bear a Government 
Contract Number and Priority Rating. 








° 4 a on i Gas Ss ioe 
Sole Proprietors and M‘rs.: AUTOMATIC COIL WINDER & E MENT Winder House, Douglas St., London, S.W.|! 4 satan 
TT TTT = = =§»_—< 





45 


—“ 








May, 1945 Electronic Engineering 489 





STABILISTOR 


the only constant voltage equipment giving a 
constant UNDISTORTED output with changes in 
mains voltage and load. 
Write for literature to Dept. E.E. 
WESTINGHOUSE BRAKE & SIGNAL CO. LTD., 
Rew Hill House, Chippenham, Wilts. 

















=a SOLON 


INDUSTRIAL 


» SSX ELECTRIC APPLIANCES 


SOLON ELECTRIC 
SOLDERING IRON 
Solon Electric Soldering 
Irons are, of course, 
only available for 
essentia /war 
work, 

















SOLON Industrial 
Electric Appliances 
are designed for 
practical use under 
factory conditions. 
They are robust and 
efficient. 
; The Soldering Iron 
illustrated is repre- 
SOLON ELECTRIC sentative of arange 


SOLDER POT which includes 
models with various 


types of bits suitable for a wide variety of jobs. 


The Insulation Stripper provides a quick method of severing the 
insulation neatly without damaging the conductor, by means of 
an electrically heated wire. 


The Solder Pot maintains $lb. solder at working temperature. 
Please write for Folder Y9. 

W. T. HENLEY’S TELEGRAPH WORKS CO., LTD 

MILTON COURT, WESCOTT, DORKING, SURREY 
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If your set is on the shelf because of valve 
trouble, you will be pleased to hear that 
in spite of heavy service demands the 
Government is*releasing more MAZDA 
Valves for civilian radios. 

New Mazda Valves in your old set, 
whether it is completely out of action or 


only showing symptoms of wear and tear 


j BALK TOLIE/ © 


l 


will make all the difference. 


Your. Dealer has details of all available 


types of MAZDA Valves, but in case of 


difficulty please write to us. 


MAZDA 


RADIO VALVES 





THE EDISON SWAN ELECTRIC CO. LTD., { 155, CHARING CROSS RD., LONDON. W.C.2. 


R.M.26, 


May, 1945 
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Sir John Ambrose Fleming 


WV amt the passing of Sir 
Ambrose Fleming, D.Sc., 
F.R.S.,. at the age of 95, 
Britain has lost her oldest scientist 
and one more of the few remaining 
links with the illustrious past has 
been broken. 

Clerk Maxwell, Rayleigh, Kelvin, 
Edison, Dewar, Swan—he knew 
them all. So much has happened in 
the past forty years, so much of the 
early work has been forgotten or 
taken for granted, that we find it 
difficult to realise that Fleming’s 
life was virtually the life of elec- 
tricity. 

It is to Fleming that we owe the 
first potentiometer for the direct 
measurement of potential, the first 
standard lamp for photometry, the 
first wave-meter, the word “ power- 
factor ’’ and, his crowning achieve- 
ment, the thermionic valve. 

Educated at University College, 
London, and St. John’s, Cambridge, 
his first University.appointment was 
at the Cavendish Laboratory under 
Clerk Maxwell, and in 1882 he 
became Professor of Electrical 
Engineering at University College, a 
position which he held for over 40 
years. 


Cc 


1849-1945 





At the same time he became 


technical adviser to the Edison 
Swan Electric Co., at whose works 
at Ponders End the first thermionic 
valves were made. The effect first 
noted and described by Edison 
interested Fleming profoundly, and 
an account of his own investigations 
was given to the Physical Society in 
1896. After he had been connected 
with the Marconi Company, the 


possibility of using the Edison Effect 
for the detection and rectification of 
high frequency signals occurred to 
him and in 1904 he brought out a 
patent for the first ‘‘ Thermionic 
Valve” (No. 24,850). 

From this has grown the enormous 
radio industry of the present day, 
although, as is usually the case, the 
founder received very little reward 
for his pioneer work. He was 
insistent that the word “ valve ’’ was 
the only appropriate name for the 
device and even in later years 
stigmatised the word “ diode” as 
“ scientific gibberish.”’ 


His scientific activities , were 
carried on to the last, and he was 
for many years the President of the 
Television Society, presiding at the 
age of 85 at a meeting at which Sir 
Noel Ashbridge described the 
developments of the most recent 
branch of radio science. 


In the words of the Oration ‘of the 
University of Liverpool: ‘ John 
Ambrose Fleming has @ conspicuous 
and most honourable place among 
those men of science whose work has 
entiched and enlarged’the range of 
human communication.” 





The Work 


of 


The E.R.A. 


The British Electrical and Allied Industries 
Research Association, to give it its full title, 
was organised in 1920 with the object of 
undertaking research on problems vital to 
the industry as a whole. 


Dielectric research has always formed an 
important part of the programme, and the 
phogograph below shows the test equipment 
for the measurement of losses in mica. 
The mobile cathode-ray tube equipment 
shown on the right is used for the recording 
of circuit-breaking phenomena. 


The photographs are from a recently 
published- book ‘‘ Co-operative Electrical 
Research,’’ which describes the work and 
future of the E.R.A. 
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The Design of Power Amplifiers for 
Operating Ink Recorders 


EN recorders have many ad- 
P vance over other  oscillo- 

graphs for making permanent 
records of such low frequency phe- 
nomena as are associated with 
electro-encephalography, electro-car- 
diography and some methods of 
submarine telegraphy. 

They are cheap to operate (using 
plain paper instead of photo-sensitive 
material), robust and portable. Their 
use has been restricted, however, by 
the fact that appreciable power is 
required to dfive them and hitherto 
power amplifiers capable of dealing 
with the frequencies involved—down 
to one cycle per second—have been 
inefficient and bulky. 

The purpose of this paper is to 
consider the performance desired of 
such an amplifier; to analyse the per- 
formance of the two types of ampli- 
fier at present in use, and then to 
describe the design by the author, on 
rather different lines, of an amplifier 
which is efficient and compact and 
which should greatly facilitate the 
use of pen recorders. t 
Requirements of the Amplifier 

1. The frequency response must be 
linear from about 1 c/s. up to about 
2,000 c/s. Although pen recorders 
do not operate above about 200 c/s., 
an extended high frequency response 
is valuable in case it should be 
necessary to use the amplifier with a 
cathode ray oscilloscope. 

2. A common form of pen recorder 
is the energised moving coil type 
such as that designed by A. M. Grass 
in the U.S.A. An improved type (of 
which a description is yet to be pub- 
lished) is the four-channel moving 
iron design of Thorp and Tyrell. As 
both these types require about two 
watts for full deflection it is con- 
sidered reasonable to take this as the 
minimum power requirement. 

3. The D.C. resistance of both the 
above pens is about 3,000 ohms, and 
as the reactive component over the 
most important section of the fre- 
quency spectrum (2 to 20 c/s.) is 
small by comparison with the re- 
sistance, it will be taken for the pur- 





* Telephone Rentals, Ltd. 
t A summary of the performance of the three types 
* is given in Fig. 7. 


By DONALD ROBINSON* 





Fig. 6. Experi tal single ch 





poses of calculation that the amplifier 
must work into a load of this value. 

4. The amplifier should be of small 
bulk and weight and it should have 
a good power efficiency in order to 
have the minimum waste power to 
dissipate as heat. This is obviously 
desirable when these amplitiers have 
to be built into compact multi- 
channel equipment, or (particularly 
for the  electro-cardiograph and 
electro-encephalograph applications) 
into portable equipment. 

The First of the Known Methods 

Since there is great difficulty in 
making a matching transformer that 
can handle the required power at 
1 c/s, from a‘ fairly high impedance 
source, the pen coils must be directly 
connected to the output stage. 

As the current obtainable directly 
from a valve stage is small, adequate 
ampere-turns can only be obtained in 
the pen coils by winding them with 
as many turns as are practicable from 
the physical point of view. This 
means the use of fine-gauge wire and 
is the reason for the D.C. resistance 
of about 3,000 ohms. 

The oldest and simplest method is 
to use a centre-tapped pen coil and 
to connect each half between H.T. 


be parallel 


| amplifier using. the circuit described. 


and the anode of one of a pair of 
valves operating in Class AB. 

Fig. 1 illustrates a reasonably 
optimum example of this method, em- 
ploying two PX4 valves. Suitable 
operating conditions and an estimate 
of the performance is found in the 
following way :— 

A number of values of the instan- 
taneous anode voltage (£.) are 
divided into the rated maximum 
anode dissipation of the _ valves, 
which for a PX4 is 15 watts. The 
resultant instantaneous anode current 
values (/a) are plotted on the anode 
characteristics (which are also given 
in Fig. 1) and the curve ‘' Wa.max. 
= 15 watts’”’ is drawn. 

A load line AB is then drawn 
anywhere on the characteristics with 


2 
a slope of — — where 21x is the load 
Rt 
impedance, 3,000 ohms. 
If the point A is arbitrarily taken 


at J, =o mA and Ey, = 200 volts, 
then the load line must cut the 
/, = 100 mA _ co-ordinate at &£, 


= 200 — (0.1 x 3,000/2), or 50 volts. 

A position is then found for the 
dynamic’ load line CD which will 
with AB, but which 
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must pass through the operating 
point P, the latter being so placed 
that the maximum reduction in Ea, 
that is, Zs-s — Ea-min. (terms defined 
below) is not more than about 10 per 
cent. greater than the maximum rise 
in E., or Ey — Eas (also see below). 

The position of P gives the values 
of the static anode voltage £,.s, the 
Static anode current per valve, /s-s 
and the bias voltage Ex. 

The intersection of the load line 
with the /,£, curve for EZ; =o volt 
gives the minimum instantaneous 
anode voltage Za.min. and its inter- 
section with the /.=0 mA _ co- 
ordinate gives the H.T. voltage, £b. 

The operating conditions resulting 
from the selected positions of points 
C, D and P in Fig. 1 are:— 


Anode voltage ......... Eun = 245 V. 
HLT. voltage: ....:..:. By 3355: 
Bias voltage ........... Ex = — 30Vv. 
Anode current per 
DRIVE sacivicersssaaeeee lon = §5-NA. 
Anode dissipation 
per valvé ....<...-:.. W, = 135 w- 
W. = Eu.s.le-s; 
Total H.T.  con- 
sumption .....¢,....... Wy = 39 w. 
(Wo = (Ey + Ex)2/a.s) 
Continuous dissipa- 
tion in the, pen 
 SRRISED Sa Beer WL =9w. 
(Wi = Ru (La-s)*.) 
Power efficiency ...... = 15% 
The maximum output power will 
approach :— 


(Ep ) IAF E 
———_———— or about 6 watts. 
2kz 

Surveying these results, it will be 
seen that while the output power is 
adequate and the power efficiency is 
reasonable, the continuous dissipa- 
tion of 9 watts in the pen coil makes 
this method a very undesirable one. 

These results may have suggested 
the next method, which avoids the 
need for any continuous dissipation 
in the pen coil. Before passing on to 
it, however, it may be useful to cover 
briefly, for the sake of comparison, 
the well-known method of estimating 
the performance of a normal trans- 
former-coupled push-pull stage. 

In such a case the load line must 
have a slope of — (4/N*R1) where 
N is the turns ratio of the output 
transformer. If the D.C. resistance 
of the primary of this transformer is 
ignored the load line will pass 
through the intersection of the co- 
ordinates of /,=0 mA _ and 
E. = Ex». It does not, however, 
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Fig. !. Operating conditions of two P.X4s. 





Operating conditions. of 6A6 output 
stage. 


Fig. 3. 


pass through the operating point, 
The power output is 
2(Ea.s —- Ea.min.)? 
N’R1 
and the power efficiency lies between 
30 per cent. and 50 per cent. 
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The Second of the Known Methods 

A more satisfactory method is to 
connect the pen coil from anode to 
anode and to feed the H.T. through 
two extra resistors and a balancing 
resistor as in Fig. 2. 


This is the more commonly used 
method. It will be seen that it is a 
bridge arrangement that can _ be 
brought to balance by adjusting the 
slider of the low value resistor As. 
When this is done there is no D.C. 
flowing in the pen coil. 

About optimum results for this 
method are obtained bythe use of 


two PXz25 valves with the series 
anode resistors taken as_ together 
equal to about three times the 


resistance of the pen coil, 7.¢., about 
4,500 ohms each. 


This value is a compromise be- 
tween too high an H.-T. voltage and 
the loss of excessive A.C. power in 
these resistors. 


Referring to Fig. 2 the dynamic 
load line has a slope of :— 
2(R; + R, + Ri) I 


or 








Ri(R: + R2) 


The output power, calculated as 
for the previous method, should be 
4.3 watts, but in practice odd 
harmonic distortion limits it to just 
under half this figure—about 2 watts. 


1,200 ohms 


It is believed that connecting a 
2,000 #F corfdenser between a centre- 
tap on the pen coil and earth or 
H.T., and another one across the 
bias resistor, would enable the calcu- 
lated power to be achieved, but the 
use of condensers of this capacity and 
of a suitable working voltage is more 
than a little impracticable and this 
idea has not therefore been tried. 


The H.T. voltage is found in this 
method by drawing a further load 
line through the operating point with 
a slope of — (1/4,500) ohms. _ Its 
intersection with the co-ordinate 
7, =o mA gives £y'= 570 volts. 

As Fig. 2 gives Ex = 20 volts and 
/,.s = 60 mA, the continuous H.T. 
consumption (Z» + Ex)2/a-s equals 72 
watts. 

This represents a power efficiency 
of 3} per cent. ! 

Author’s Inverse Feedback Class B Design 

Class B operation results in a very 
low standing anode current and 
presents a means of avoiding the ex- 
cessive heating of the pen coil asso- 
ciated with the first method and the 
heavy power 
second. 


requirements of the 
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The use of Class B brings other 
difficulties in its train but these have 
been overcome in the amplifier 
described below. 


Fig. 3 shows the arrangement of 
the output stage and gives the anode 
characteristics of one section of the 
output valve employed, an American 
high-z double triode, type 6A6 or 
6N7. To avoid confusion each half 
of this valve will be referred to as 
if it were a separate valve. 


The difficulty of obtaining the fixed 
bias required for Class B has been 
overcome by the method normally 
used for this valve, by operating at 
Ex = 0 volt, t.e., at‘* zero bias” 


The most important consideration 
in the selection of the operating con- 
ditions is that they should be such 
that it is impossible for even acci- 
dental overdriving to cause the anode 
dissipation to exceed the maximum 
safe figure. 


It is not easy to find a practical 
value for the latter as anode dissipa- 
tion is not at maximum at zero out- 
put as in Class AB,, but varies with 
the drive. It is usually greatest 
when the output power is about half 
the maximum power obtainable 
without distortion. 


In addition, in the audio applica- 
tion of Class B it is accepted, in view 
of the low average power which re- 
sults from voice or music modulation, 
that the maximum dissipation can be 
50 per cent. above the rated continu- 
ous dissipation and it can be taken 
that this also applies in this instance. 


The maximum dissipation (7.e., at 
half-full output) is usually about 20 
per cent. above the dissipation at the 
maximum undistorted output level, 
and as it i$ more convenient to use 
the latter level as a basis for calcu- 
lation it can be taken that the per- 
missible dissipation at full output is 
25 per cent. above the rated figure. 


As the 6A6 is rated at 5 watts per 
element, the output power has there- 
fore to be limited to a figure at which 
the anode dissipation does not exceed 
63 watts. 


This is done by making use of the 
“‘ diode line ’’ which provides a limit 
to the output power analogous to 
that provided by the flow of grid 
current in a Class A amplifier when 
the grid is driven positive, 


The diode line passes through each 
/,Z. curve at the point where it inter- 
sects the £, co-ordinate equal in 
voltage to the Z, parameter of the 
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Fig. 2. 

' Method of balancing 
by means of 
resistance across 


pen coil. Operating 


conditions for two 


PX25s are shown. 


curve. To the left of the diode line 
E, > Ey, and the grid loses control. 


As the /,Z£, curves become rapidly 
more closely spaced as the diode line 
is approached, the practical value for 
Ey.min. is about twice the value of £, 
at which the load line and the diode 
line intersect. 

The load line must have a slope 
of — (2/1) and the operating point 
is given by its intersection with the 
/,é, curve for E, = o volt. 

It will be seen from Fig. 4 that the 


position chosen for the load line 
gives :— 
Hist. voltage: i.<.ci5.): fw, $9220 Vv, 
R.M.S. anode current 
per valve at full 
Output ....eeee Lea = 35 MA 
(La-a = La-max/2V ) 
Static anode current 
PCr VBIVE ii ciceesicees as = 10mA 
Maximum undistorted 
output power ........ Wo =4 Ww. 


(W. = (Eo = Eeuiny [aR ) 


Anode dissipation per 
valve at full output Wa.a= 5.7 w. 
(Waa = In.a-Eo — Wo/s) 


Anode dissipation 
BUONO is. ccivinaseacivcks Was = 2.2 w 
Continuous _ dissipa- 


tion inthe pen coil Ws = 
(Wi oe (Za-8)’R1) 


| 
.9 
w 
4 
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Internal 
of the output stage 22, = 22,000 2 


impedance 


Power efficiency at 


maximum output... =: 26% 
The maximum anode dissipation 
leaves a small margin of safety, the 


figures for the output power and the 
continuous dissipation in the pen coil 
are very satisfactory and the power 
efficiency at full output is good. The 
power efficiency quoted is for the 
output stage only. If the loss in a 
valve type H.T. supply regulating 
device such as is described later is 
included, the figure will be about 18 
per cent. 


The reduction in the amount of 
power that has. to be dissipated in the 
amplifier in the form of heat, com- 
pared with the two previous methods, 
is, however, greater than would ap- 
pear from this figure, for whereas in 
the later methods the H.T. consump- 
tion is almost the same in the static 
condition as at full output, in the case 
of this amplifier the consumption in 
the static condition, even allowing for 
the loss in a valve stabiliser, is only 
about 63 watts. 


Inverse Feedback 


The only unsatisfactory features of 
the design as so far described are first, 
that the source impedance is very 
high, resulting in the poor “damping 
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factor ’’ (F,/2.) of about 0.14, and 
secondly, that a certain amount of 
high order harmonic distortion is 
produced, 


These are the usual defects of 
Class B operation, but they are also 
just the defects that can be overcome 
by the use of Inverse Feedback 
(1.F.B.). 


While the conventional means of 
applying I.F.B. cannot be used in 
this application, the method shown in 
Fig. 4 is successful. 


It consists of feeding a portion of 
the output voltage back to the grids 
of the driver valves by the con- 
nexion of a resistor in series with a 
blocking condenser from the anode of 
each output valve to the anode of 
each pre-driver valve. 


The driver stage is dealt with later, 
but a feature of it that is of interest 
at the moment is that there is no 
phase change over it and hence the 
feedback voltage is in the correct 
phase. 


The percentage of I.F.B. is deter- 
mined by the relative values of the 
feedback resistors and the load re- 
sistors of the pre-driver valves, for 
the later resistors constitute the only 
significant component of the grid-to- 
earth impedance of the driver stage. 


If the feedback resistors are made 
four times the value of the load re- 
sistors referred to, 20 per cent. of the 
output voltage will be fed back. 


As :— 

B (the feedback factor) = 0.2, (Re- 
sistor RX, is 25 per cent. of As, giving 
20 per cent. feedback.) 

# (the amplification factor) = 35. 

R, (the anode impedance) = 11,000 
ohms. 


E, (the max. undistorted output 
voltage) = 112 volts r.m.s. 

R, (the load per valve = R /2) 
= 1,500 ohms. 


M>y (the voltage gain of the driver 
stage) = 0.7. 

The effects of the addition of FB. 
are :— 


(1) The source impedance drops 
from 22,000 ohms to an effective 
value of 

2Ra 
or 2,750 ohms 
1 — Bp 

This increases the damping factor 
from 0.14 to about 1.1, a figure com- 
parable with that given by the two 
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amplifiers described earlier or by a 
“high fidelity ’’ audio amplifier, 

(N.B.—The impedance of a typical 
pen recorder increases by about 50 
per cent. at its resonant frequency, 
but the damping factor rises with it, 
in this case to about 1.6.) 


(2) Distortion generated in the 


_ driver and output stage is reduced by 


a factor 1/(1 — BM) where ™ is ‘the 


gain over the driver and _ output 
stages. 
My.eR. 
M = ———— = 2.7 and distortion 
Ro + Re 


is therefore reduced by about 5/6ths. 
It is, however, already fairly low as 
in Class B distortion varies with the 
load impedance and the resistance of 
the pen coil is about a third of the 
load usually used with the 6A6 valve. 


The price to be paid for these ad- 
vantages is small as M is so low. It 
is that the input voltage required by 
the driver stage (grid-to-grid, r.m.s.) 
is increased from 2£o/M or 83 volts 

2E.(1 — BM) 





to or 122 volts—that 
M 
is by about 60 per cent. 


The feedback coupling condensers 
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can be of quite small value as this 
will result in a useful increase in 
gain at the lowest frequencies. The 
values selected reduce the feedback 
at 1 c/s. by 50 per cent. and as a 
result the coupling condensers in the 
earlier stages can be of lower capd- 
city with a corresponding reduction 
in time that the amplifier remains 
‘‘ blocked ’’ after the application of 
an excessive input voltage. 


The Driver Stage 


The requirements of the driver 
stage are :— 

(1) It must provide an output of 
2V2(Ex.min-) OF 53 volts r-m.s. 


(2) It must provide about 0.2 watt 
of power. The makers of the 6A6 
quote a third of a watt when the 6A6 
is used with a 10,000 ohm anode to 
anode load, but the inptt power re- 
quired by a Class B Stage falls as the 
anode load impedance is reduced. 


(3) It must have excellent regula- 
tion as the power required to drive the 
6A6 varies in a non-linear manner 
with the instantaneous input voltage. 

(4) A low resistance D.C. path must 
be provided from the grids of the 6A6 
to earth so that grid current (which 
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Fig. 4. Circuit of complete amplifier incorporating transformer-coupled output stage. 
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at full output is about 8 mA per 
valve) will not produce bias. 


The transformer-coupled cathode- 
follower arrangement shown in Sec- 
tion B of Fig. 4 meets these require- 
ments. The regulation in particular 
is excellent as the source impedance 
of a cathode-follower stage is twice 
the reciprocal of the slope of the 
valves used, giving a figure in this 
case of 360 ohms. 


The key component of the whole 
amplifier is the driver transformer 
which must have a secondary of low 
D.C. resistance (see requirement 4 
above), must not saturate at 53 volts 
1 c/s. and must have adequate 


inductance for the stage to be linear . 


down to 1 c/s. 


It was felt that the low source im- 
pedance might make it just possible 
to design a transformer for this pur- 
pose and the problem was referred to 
Dr. G. A. V. Sowter, who is well 
known for his work on high per- 
meability core materials. 


He produced a transformer which 
can be said to have made the design 
of this amplifier possible. It is 
satisfactory from 10,000 c/s. down 
to about o.5 c/s., even without 
inverse feedback. 


H.T. Supply 

The. simplest method of obtaining 
an H.T. supply with adequate regu- 
lation is to use a mains transformer 
with low copper loss, a 5Z4, U.50 or 
other small full-wave rectifier and a 
swinging choke. The latter compo- 
nent, however, tends to radiate a lot 
of interference and in applications 
where very high voltage gain is 
needed it is preferable to use a simple 
valve stabilising arrangement such as 
that shown in Fig. 5, 

The latter circuit also provides a 
‘‘ decoupled ”’ source of H.T. for the 
voltage amplifying stages. 


The Complete Amplifier 


The foregoing survey of the 
methods of driving pen recorders was 
part of the design work associated 
with the production of a four-channel 
electro-encephalograph on which the 
writer is working in collaboration 
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Fig. 5. Stabilised H.T. supply. 


cological Department of the Well- 
come Physiological Research Labora- 
tories. 


Fig. 6 illustrates the experimental 
single-channel unit built there. Its 
performance conforms fairly closely 
with the calculations given above and 
it is very stable and free from hum. 


It is linear from 0.5 c/s. to 6 ke/s. 
and it is only 3 db down at 10 kc/s. 


There is no sign of ‘‘ cross-over ”’ 
distortion and harmonic distortion is 
considered to be well under 5 per 
cent. total. 


The circuit of the first two stages 
(one of which, being experimentally 
an afterthought, is on a separate 
chassis) is given in Section C of Fig. 
4. The common bias and screen 
resistors provide phase inversion and 
the amplifier can be driven with an 
input applied to the yrid of either 
input valve, or if the phase is correct, 
to both of them. 


The amplifier is differential to the 
extent of about 75: 1, ¢.e., the output 
voltage obtained with an _ input 
applied in the same phase to both 
input valves is about one seventy-fifth 
of the voltage obtained when the 
same input is applied to one input 
valve only. 


Amplifiers of this general type are 
often required to exhibit this feature 
in order that they shall not amplify 
hum picked up by an object to which 
their input leads are attached. 


The performance of the three am- 
plifiers discussed is summarised in 
Fig. 7. The figures for the Class B 
amplifier include the voltage drop, 
etc., in the H.T. regulating valve of 














with Mr, Thorp of the Pharma- Fig. 5. 
FIG. 7 
Amplifier | As Method | As Method 2 | Author’s 

Power waste in pen coil 9 watts O watt 0.3 watt 
H.T. voltage... Sie 325 volts 570 volts 320 volts 
H.T. consumption, static oe 39 watts 72 watts . 6.5 watts 
H.T. consumption at full output » ” ” 

aximum output power B55 | 2 on 4 
Power efficiency oes 15% | 34% 18% 
Damping factor 1.25 1. i 
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Balanced Amplifiers 
A Letter to the “ Proc. |.R.E.” 


EVERAL articles have recently 
S wreated on amplifiers employing 

cancellation of in-phase signals. 
These include differential input am- 
plifiers; direct-current phase _ in- 
verters; and _ resistance-capacitance- 
coupled push-pull amplifiers. 

In any amplifier having three input 
terminals and/or three output termi- 
nals, the input voltages, e, and é:, 
may be written 


@1 = (@1:~ &2)/2 + (@1 + @2)/2 

é: = — (€: — @2)/2 + (@1 + @:)/2 

The first term in each case is the 
differential signal; the second, the 
‘in-phase ”’ signal. If the amplifier 
does not transmit the in-phase signal, 
while the amplification of the dif- 
ferential signals is #1, #: the output 
voltages will be 


Ey = Hi (@1 a é2)/2 

Es = Ma(éx ~_— é2)/2 

In a push-pull amplifier, 4: = #2 = 
and the differential output voltage is 
# times the differential input. In a 
phase inverter, e. = 0, but £: = — E, 
= — pe/2. In a differential input 
amplifier, which is followed by 
single-ended stages, #2=0, and 
Ey = wiles — é2)/2. 

Thus it is seen that all three types 
of amplifiers are merely special uses 
of in-phase signal degeneration. 
Perhaps the failure to recognise this 
fact may in part account for the fre- 
quent republishing, as original, of 
several of the circuits the writer de- 
veloped for this purpose. These have 
been used in most of the equipment 
we have built since 1936, and because 
of their apparent wide © usefulness 
were made available to many workers 
in biophysics in private communica- 
tions, in advance of publication. 

Thus the so-called ‘‘ Toennies.’”’ 
differential input amplifier is merely 
an application of in-phase degenera- 
tion by use of a large cathode resistor, 
where #; is made zero; i.e., one output 
terminal is disregarded. 


ou 


However, some of the circuits re- 
cently published appear to be iden- 
tical both in structure and function to 
those the writer has _ published, 
although no reference has been made 
thereto. 

FRANKLIN OFFNER, 


Otfner Electronics, Inc., 
Chicago, Jil. 
—Proc. 1.R.E. Mar., 1945. 
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HE problems associated with 
‘by rendering radio apparatus proof 

against the deleterious effects of 
exposure to tropical and sub-tropical 
conditions are engaging the attention 
of designers and production engineers 
throughout the industry. 

If we are to develop our export 
industry, the degree of success which 
will attend our efforts will depend 
on our ability to produce reliable ap- 
paratus suitable for use all over the 
world. 

To tackle the problems of correct 
design for tropical conditions, it is 
necessary to fully appreciate .what 
these conditions are, and to be aware 
of the faults and most prevalent 
causes of breakdown, 

It has been well established that the 
defects which arise in radio apparatus 
exposed to tropical conditions are 
usually caused by the high moisture 
content of the air, and temperature 
variations which cause heavy conden- 
sation. 

In tropical areas high relative 
humidity is maintained throughout 
the year with only a slight drop in 
the winter season. 95 per cent. rela- 
tive humidity 1s quite common in 
many areas and the average figure for 
all areas which can be designated as 
‘tropical ’’ is never lower than 80 
per cent. A typical day and night 
temperature cycle during the summer 
months would be 40° C.-60° C. during 
the day falling very slowly to 20° C.- 
25° C. in the night. The temperature 
in any given area is affected by the 
proximity of the sea and the height 
above sea-level. The relative hu- 
midity, however, is sufficiently high 
in all parts to constitute an ever- 
present source of danger to all equip- 
ment and materials which are in any 
. way susceptible to attack by moisture. 
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In humid atmospheres moisture will 
penetrate through the smallest of pin- 
holes and crevices and, generally 
speaking, very little opportunity 
arises for this moisture to be dried off. 

Many materials absorb moisture 
from the air and the effect of tempera- 
ture rise is to drive air out from 
semi-enclosed places, such an un- 
sealed coil and transformer cans. A 
decrease in temperature causes the air 
to contract and moisture-laden air is 
drawn into the semi-enclosed places. 
In addition, wide temperature varia- 
tions cause condensation on non- 
absorbent surfaces, and the water 
which collects sets up corrosion and 
encourages the growth of fungus. 
Fungus has a destructive influence on 
many materials, and during the pro- 
cess of disintegration, chemical reac- 
tions occur. which will accelerate 
corrosion and decomposition. 

In such atmospheric conditions, 
despite-all precautions which may be 
taken to ensure adequate protective 
packing and storage, the useful life 
of radio apparatus is usually deter- 


- mined by the ability of the insulating 


materials employed to withstand 


moisture penetration. 


Effect of Moisture 


Electrical insulation is attacked by 
moisture in one or other of the 
following ways. 

The absorption which takes place 
lowers the insulation resistance of 
the material, causes surface leakage, 
leads to distortion, swelling, and 
general mechanical deterioration. 
In time, the electrical constants of 
the material are seriously impaired. 

The surface insulation is also in- 
fluenced by the condensation of water 
or. the surface and by fungus growth. 

The maintenance of electrical insu- 
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| Tropic-Proof Radio 
. Apparatus 


lation at 
throughout the 
radio equipment is of major impor- 
tance, but it is also necessary to give 
adequate attention to other materials 
used in such apparatus. 

Metals, unless protected by a suit- 


efficiency 
life of a 


100 per cent. 
service 


able treatment, will corrode very 
quickly. It has been found that this 
corrosion takes place much quicker in 
humid atmospheres than in straight- 
forwatd water immersion _ tests. 
Electrolytic action between metals of 
widely different electrical potential is 
a well-understood phenomenon, and 
the process of corrosion which occurs 
when two such metals are in contact 
with water is considerably accelerated 
when these metals are also exposed 
continually to a moist atmosphere. 

Wood is very badly affected by 
humidity and also by fungus growth. 
The rotting process set up by mois- 
ture can be retarded by the use of 
rot-proofing compounds, which serve 
also as protection against ants and 
fungus growth. 

Leather and glass are both attacked 
by fungus growth, although the 
attack on glass is indirect, insofar 
as fungus spores thrive on organic 
dust which settles on glass surfaces 


and cause an etching effect on the ~ 


glass, thus impairing 
through the windows of 
tuning dials, etc. 

Among the insulating materials 
affected are linen, cotton, and _ all 
cellulose products, such as_ paper, 
varnished fabric, empire cloth and 
insulating tape. These materials 
may be protected to a limited degree 
by varnishing or dipping, but the 
degree of protection afforded has 
been proved to be inadequate. 

Most of the plastic materials are 
satisfactory, the exceptions being 


visibility 
meters, 
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cellulose acetate and fabric lamin- 
ated phenolic sheets. Some of the 
paper laminated classes of material 
are unsatisfactory, but most of the 
trouble arising with these is attribut- 
able to bad design of the components 
which fail. Laminated paper mate- 
rial has its limitations, but used with 
discretion, it can be proved to be 
satisfactory for many applications. 


Protective Finishes Bey 


So far as protective coatings are 
concerned, recent evidence has shown 
that varnishes are to be preferred to 
waxes, since the latter, unless of 
mineral origin, grow fungus; and 
both mineral and vegetable waxes 
show tendencies to soften and deform 
at temperatures too low to leave an 
ample safety margin. The soft waxes 
also collect dirt and dust which be- 
comes embedded in the surface layers 
of the material. When moisture 
penetrates these surface layers the 
collected impurities form a leakage 
path across the surface of the 
component, 

Varnishes (on materials other than 
those quoted above) afford satisfac- 
tory protection provided that they are 
applied properly. The _ protective 
surface of the varnish coating must 
be complete and free from pinholes 
and cracks. Varnish cannot be used, 
therefore, on components which are 
subject to flexing. 

Rubber is subject to deterioration 
in sunlight and does not resist 
moisture penetration as well as some 
of the synthetic rubber-like materials. 

Brass in particular is susceptible to 
a form of corrosion set up when in 
contact with .ammonia, and _ free 
ammonia is released from some 
phenolic moulding compounds. 

The application of protective 
finishes to metals and other materials 
has been the subject of special tests 
and study. It is proposed to deal in 
detail in a later section with all the 
protective measures which have been 
developed. 


Layout of Components 


The layout design of radio appara- 
tus affects its operational reliability 
to a considerable degree. The most 
common fault is, strangely enough, 
compactness. In all the various types 
of apparatus which have been the 
subject of special review and test, the 
compact and tightly packed units 
have been the most prolific source of 
trouble. This is due to the fact that 
moisture penetrates into all but 
totally sealed places and has no op- 
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portunity to dry out. The more 
compact the apparatus the greater 
the risk of this trapped moisture 
settling on metal parts and being 
absorbed by insulating materials 
generally. It is not suggested that 
the only remedy is to make all ap- 
paratus large enough to clean out 
with a bucket and broom. The 
layout, however, should be such that 
moisture traps are not created, and 
if space limitations do not permit of 
an expansive layout then components 
should be arranged to permit drain- 
age through ventilating holes in the 
bottom of the cabinet or cover. 

Moisture traps afe created by 
placing sheets of laminated phenolic 
material together, sandwich fashion. 
If these laminated sheets or strips are 
carrying contacts then the moisture 
which is trapped between them will 
create leakage paths across from con- 
tact to contact. 

Stacking up moulded case con- 
densers sandwich fashion, and secur- 
ing them with two common fixing 
screws to the chassis is another preva- 
lent assembly practice which should 
be discontinued. The moulded cases 
absorb a certain amount of moisture 
which causes surface leakage across 
from one condenser to another, thus 
completely upsetting circuit con- 
stants. 

Parts of the apparatus which run 





An example of the influence of tropical 

requirements on component design: A 

totally enclosed moisture-proof potentio- 

meter (Type H) made by The Morgan 
Crucible Company, Ltd. 
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hot should not be permitted to be 
adjacent to waxed components or in 
contact with thermo-plastic insulation 
such as polystyrene and polythene. 
Precautions should be taken to keep 
dirt and dust off the vanes of air- 
spaced condensers. Fungus growing 
on this dust will cause short circuits. 
Windows and escutcheons should not 
be made of cellulose acetate or 
methyl methacrylate. These materials 
will warp after extensive exposure to 
humid atmospheres. 

The most important point to watch 
‘in apparatus Jayout is wiring. 

In compact layouts it is extremely 
difficult to avoid bunching leads 
together or allowing criss-cross pat- 
terns in the wiring to develop. 

Moisture absorbed into the insulat- 
ing sleeving turns the latter into high 
resistance conductor, with the result 
that all sorts of peculiar and unex- 
pected circuit conditions are set up. 
The electrical properties of the sleev- 
ing, even if it remains an insulator, 
are so changed by moisture absorp- 
tion that the normal and intended cir- 
cuit arrangement will be completely 
upset. 

The absorption of moisture into 
fabric sleeving takes place in two 
different ways. The absorption can 
take place through cracks in the 
varnish coating and _ penetrate 
through the wall to the conductor, or 
it can be drawn along the sleeving 
from any open end by capillary 
action. The latter form of absorption 
is the most serious since the moisture 
can be conducted right into the con- 
tact surfaces of the component, and 
there is every chance of it accumu- 
lating until breakdown takes place 
across adjacent contacts. 

Wires which are bunched together 
and then get saturated with moisture 
are a source of considerable trouble 
due to the lowered insulation resist- 
ance from one conductor to another. 
Also fungus will thrive on cellulose 
surfaces and will cause disintegra- 
tion. 

Plastic sleeving of the polyvinyl- 
chloride type is the real answer to all 
these problems. The plastic sleevings 
are stable over a temperature range 
quite wide enough for normal tropical 
use. They are completely impervious 
to moisture and will stand repeated 
flexing during assembly. 

In a later article it is proposed to 
deal in more detail with protective 
finishes and general component de- 


sign. Tables and curves showing the 
results of specific tests will be 
provided. 
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A Frequency Meter with Self-Contained 
Standard Oscillator 


General view of Frequency Meter, 


Y means of the unit to be 
B eesered it is possible for the 

experimenter of moderate means 
to measure radio frequencies up to 
30 Mc/s. or higher, with an accuracy 
of approximately 1 part in 10‘, using 
ordinary components. This figure 
will be largely dependent upon the 
accuracy of the 100 kc/s. standard 
oscillator, which should preferably be 
controlled by a 100 kc/s. quartz bar; 
details are, however, included for the 
construction of a simple stable 
electron-coupled oscillator, and sug- 
gestions are made for the calibration 
of such an oscillator. Provision is 
also made to enable a sub-standard 
set of harmonic frequencies spaced 
every 100 kc/s. and 10 kc/s. to be 
available for the calibration of re- 
ceivers and test oscillators; a signal 
may also be provided at 2 Mc/s. and 
harmonics thereof. By means of these 
frequencies, a receiver may be com- 
pletely and accurately calibrated 
throughout the short wave range. 

The unit consists of :— 

(t) A 100 kc/s. standard frequency 
oscillator (SFO); a 10 kc/s. multi- 
vibrator (MV); and associated har- 
monic amplifier. 

(2) A variable frequency oscillator 
(VFO) covering a range of approxi- 
mately 1.4 to 2.8 Mc/s., and includ- 
ing its own harmonic amplifier. 
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(3) A valve for detecting the hetero- 
dyne or ‘‘ beat’ of the VFO against 
the standard frequencies, or against 
the carrier of another oscillator, such 
as a transmitter. 

(4) A self-contained power supply. 
Sections 
1.1. 100 ke/s. Oscillator 

A small RF pentode is used in this 
stage, and follows normal oscillator 
design. Care should be taken to 
provide thermal insulation for the 
crystal, or the coil and condenser in 
the case of the electron-coupled 
model. This may be done by con- 
structing a small box of balsa wood, 
such as is used in model aircraft 
making. Reduction by a few cycles 
of the fundamental crystal frequency 
may be made by fitting a small 
trimming condenser across the crys- 
tal. 

1.2. Multivibrator 

The principle of operation of the 
multivibrator circuit is well known, 
and in this unit a twin-triode valve 
is used, and locked on 10: kc/s. by 
feeding the output of the 100 kc/s. 
oscillator into the cathode circuit. A 
control is provided on the front panel 
for adjusting the MV to produce 
harmonics 10 kc/s. apart, although 
the circuit used is sufficiently stable 
for this control to be ignored once it 
has been set. 





internal view. 


1.3. Harmonic Amplifier 


Another small RF pentode is used 


as an amplifier, and it also serves to 
isolate the oscillators from the effects 
of variation in the external loading. 
No provision is made for tuning the 
output of this stage, as it was found 
to produce signals of satisfactory 
strength over the range required. 

A Yaxley-type switch is used to 
connect :either the 100 kc/s. or the 
10 kc/s. output to the grid of the 
amplifier, and also to stop the MV 
oscillating when using the 100 kc/s. 
oscillator alone. A third position is 
provided to switch off the standard 
frequencies by disconnecting the H.T. 
supply to the 100 kc/s. oscillator, as 
well as suppressing the 10 kc/s. 
oscillations. 

2.1, Variable Frequency Oscillator 

This consists of an_ electron- 
coupled oscillator using a RF pen- 
tode, and while short-period stability 
is very necessary, the method em- 
ployed for frequency measurement 
does not call for the retention of 
highly accurate calibration over long 
periods. 

The oscillator is designed to cover 
a total range of approximately 2.8 to 
1.4 Mc/s.—a frequency ratio of 2: 1 
—the harmonics of which will pro- 
vide complete coverage over the 
short-wave bands. This range is ob- 
tained by increasing the tuning 





¢ ape 
step 
vari 
abot 
Thi: 
up 

mod 
unti 
suffi 
The 
rang 
out 

that 
thos 


the 
with 
the 
coil 
and 
betv 
An 


sect 
2.2. 


toll 
nent 
VF¢ 
3.1. 


tiers 
to t 
they 
plac 
circ 
to t 
hete 
lead 
caps 
of t 
fron 
few 
rour 
to fF 
wav 
to e 
to 1 
eith 
the 


41. 


is a 
of e 
resi: 
a pe 
fron 
Sup] 
and 
able 
ope! 
quir 
A s 
the 
peri 
requ 



















































































































































































May, 1945 Electronic Engineering 501 
~ 
capacity in the grid circuit by 12) 
j steps of 25 w#F each, and using a\| 
variable condenser with a swing of R$ 
about 30 “##F to cover each step. | 3 
This tuning condenser, Cu, is made | 2» 
up of a larger variable condenser r 
modified by the removal of plates |’ c7|™ 
until the capacity swing is just | 
sufficient to cover each step on Cx. 
The ‘frequencies covered by each 
range on the original model are set | Raa 
out in Table I, and it will be seen p> is 
that each range slightly overlaps | 
those adjacent to it. 
Care should be taken to! insulate 
the coil and condensers associated | OSCILLATORS, a ia 
with the grid circuit from the heat of | Lz Car R 8, 
the valves; in the original model the 7 fis Rae 20 
coil was arranged below the chassis, ° “ L 
and balsa wood sections were fitted | ot B \, fd — le v ic i 
between the valve and the condensers. | : v1 Lees iin cage fp Sram 2 age 
An on-off switch is provided in the) % a LJ fe==== sipeada Bi | 
H.T. supply to switch off the VFO : ~~ * — i 
section a me “es ® &; 
> 18 | 
2.2. Harmonic Amplifier Ci3 =| Ci4 ¢ 4 2 
This is of the same design as that 1 Ci7 |Crw r? a LS Caz uh 
following the SFO, but is perma- aan 
nently connected to the output of the VARIAB Ec FREGUENCY ¥ : 
VFO QeCiLLATos 
3.1. Detector i i 
= | The outputs from the two anpli- e ww ~~ 
used | tiers are fed through small capacities Ras R 
én to to the grid of a triode valve, where | He ea = 
ffects they are mixed and detection takes Dh, Vy 
ding. place. A resistance-capacity output | § 7 s J 
¢ the circuit enables a pair of headphones Coo] Cog 
‘ound to be used to listen to the resulting | & | 
ctory heterodyne frequencies. A further! 3 iS. | 
d. lead from the grid through a small € Vis, 7, C26 
.d to capacity to a terminal on the back} ee 
. the of the unit allows a signal to be fed | PLOT Ras 
f the from the oscillators to a receiver, a} ~TAMP Cay . 
MV few inches of insulated wire wrapped | 
kc/s. round the aerial lead being sufficient AE CE 
on is to provide strong signals in a short- | | 
dard wave receiver. It may also be used Fig. |. Circuit diagram of the frequency meter and self-contained standard oscillators. 
H.T. to enable an outside signal to be fed Component Values 
oT, as to the detector, to be mixed with) ¢ 9 3,9, 10, 11, 17, 18, 20, 21, 22, 23, 33 0.01 BE. V1,3,4,5:  6K7, KTW 61, SF 41, ete. | 
ke/s. either a standard frequency or| C7,8, 12, 24 0.002 v2 53, 6A6, 6N7, etc. 
| the VFO. | § a seem elite, | 
aa: a | C4, 16, 19, 27, 32, 34 0.0001 oF. 
i ele wer Supply C5 0.00005 uF. | 
tron- 3 The H.T. consumption of the unit) €!4 — 30 mpF variable. CIS = 150 pF trimmer. 
pen- is about 20 mA, and in the interests | (C 15 may be made up of a smaller trimmer, and fixed capacities.) 
bility of economy, both of space and purse, | €35 0° ie. Pe 4-pole 3-way Yaxley type switch. | 
em- resistance smoothing is utilised, and x4 50 qe. $3 Rotary On-Off ewitch. ey 
ment a perfectly smooth signal is obtained! ¢ 29 8 UF. $ 4,5 On-Off cnngie mae 
n of from both oscillators. A transformer! © 7 ; eae . ora ~~ in mF of a: p ms ee | 
; | tep ‘“‘)"? = ; Step ‘°2" = tep “11 = tep 12"? = * | 
long supplying 250-0-250 volts was used,| , ; . st gt rag . ae 3KO1 or 
and approximately 120 volts is avail-| r2, 11,19 220Q | watt. R 10, 18, 24 470 KQ } watt. | 
as bond able across Cx» when the unit is in| R4 (348, 2, 27 160K | wate R23 7'00082.1 watt, | 
2.8 to operation. The heater windings re-}; R5 30 KQ potentiometer. R25 6,800 2 3 watts. | 
2:1 quired depend upon the valves used. RS 8 aan pend R28, 29 "0 Ka py 
pro- A switch S4 is provided in order that | Lt RF Choke (Eddystone | ly j 
the the heaters may be left on during | La =i os caren: caged tae pores baie earth, | in. diameter, 24 DSC. 
is ob- periods when no _ oscillation is L6 350 turns, tapped 90 turns from earth, | in. diameter, 40 Enam. } 
ining required, Sate a at at rei : me 
q 
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Fig. 3 (above). Front elevation of unit, showing position of controls. 
Plan view of unit, showing layout. 


Fig. 4 (right). 


Construction 

A chassis was available measuring 
11 x 8 x 2 in., and this was found 
to be just large enough to take the 
apparatus. The front panel is 7 in. 
high, and the screens .between the 
sections are soldered to the chassis 
and to the panel, pieces of similar 
shape being titted above and below 
‘the chassis. In order to complete the 
screening, the finished unit should be 
fitted into a metal cabinet, with care 
taken to ensure adequate ventilation. 
It is suggested that small holes be 
drilled through the sides and back 
just below the level of the chassis, 
and similar holes be made around the 
valve holders; heating of the valves 
will then set up convection currents 
in the air, and an outlet should be 
provided towards the top of the 
cabinet. 

A good quality dial, of the pre- 
cision type and fitted: with a vernier, 
should be used for the VFO, since the 
accuracy of the measurement of fre- 
quency will depend upon the accuracy 
with which the VFO dial can be read. 
For convenience the dial should be 
arranged to read ‘‘o’’ when the con- 
denser is at maximum capacity, so 
that an increase in dial reading will 
indicate an increase in frequency. A 
reliable slow motion drive should 
also be fitted, and should be free from 
backlash. 

Care should be exercised in wiring 
the unit, and 16 S.W.G. wire should 
be used wherever possible. All wires 
connected to earth in each stage 
should be joined at one point, and 
these in turn interconnected by one 
earth ‘‘ main,’’ which should be con- 
nected to the chassis at one point 
only, at the junction of the earth 
‘main ”? and the earthy leads in the 
VFO stage (Fig. 1). 
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All supply leads (H.T. and heater) 
should be run in screened wire, with 
the screens bonded to earth at inter- 
vals. It is also advisable to run the 
output leads from each stage to the 
detector in screened lead. With these 
precautions and the decoupling pro- 
vided, no trouble whatever was 
experienced with instability or hand 
capacity. 

It is suggested that if the ECO 
circuit has to be employed in place 
of a 100 kc/s. crystal, the tuning 
condenser Cx could be controlled 
from the front panel by means of an 
extension handle. This control could 
take the place of the MV locking con- 
trol Rs, which, as pointed out earlier 
in the article, very rarely requires 
adjustment once it has been set, and 
could therefore be fitted inside the 
chassis. 


Setting up the Oscillator 


First check the 100 kc/s. Oscillator 
with the switch in the ‘100 kc/s.”’ 
position; if crystal control is used 
a check on a short-wave receiver with 
the BFO switched on, or with the 
detector oscillating, will soon show 
if this stage is working satisfactorily ; 








“© To S;* 


























Fig. 2. Electron-coupled oscillator, for use 
where a 100 kc/s. crystal is not available. 


as good strong signals are produced 
around 7 Mc/s., this is a good fre- 
quency at which to make this test. 
If the ECO circuit is used, first let 
the apparatus run for a_ half-hour 
before attempting to calibrate the 
oscillator. ‘Then, by listening to the 
Overseas Programme on __ 1,500 
metres (200 kc/s.), adjust Cs until a 
loud heterodyne is obtained. Cw 
should then be set to the position of 
‘“ zero beat.’? Further adjustment 
may then be made by checking the 
beat with suitable short-wave stations, 
such as the American Standard Fre- 
quency station WWYV, on 5, 10, or 
15 Mc/s. 

Having obtained satisfactory opefa- 
tion of the 100 kc/s. section turn the 
switch to ‘‘ 10 kc/s.,’’ and adjust fs 
to lock the MV on the 10 ke/s. 
harmonic. This is done by setting 
a receiver (a set covering the 
medium-wave range and _ provided 
with reaction or a BFO is very 
suitable) to one of the 100 kc/s. 
points while running the 100 kc/s. 
oscillator only, and then switching on 
the MV. If the receiver is now 
tuned up or down in frequency, a 
series of evenly spaced whistles will 
be heard. If they have a rough 
sound, slight adjustment of #s should 
be made until they assume the pure 
note indicating stable control by the 
100 kc/s. oscillator. The number of 
whistles audible between 100 kc/s. 
points should be counted, and adjust- 
ments made to &# until there are nine 
such points between each 100 kc/s. 
point, 7.¢., they are spaced 10 kc/s. 
apart. This will be found to be when 
Rs has approximately three-quarters 
of full resistance in circuit. This 
adjustment wiil not be found to he 
very critical, and in making it use 
may be made of the detector circuit in- 
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corporated in the unit; the procedure 
will be apparent from a study of the 
notes relating to this section which 
appear below. 

As has been stated, the VFO should 
cover a frequency range the limits 
of which are in the ratio of 
2:1, and in order to obtain this con- 
dition adjustment of Cis is made as 
follows. 

First set Cis to a capacity of ap- 
proximately 75 u#F, and set the range 
selector switch S3 to the lowest fre- 
quency range, ‘‘1,”’ and the tuning 
dial to ‘‘o.”’ Switch on the VFO 
only, and search on the receiver for 
the second harmonic of the VFO sig- 
nal; this should lie between 2.5 and 
3-5 Mc/s., and the approximate fre- 
quency or receiver dial reading 
should be noted. Let us call it 
““2F min’? since it is the second har- 
monic of the lowest frequency of the 
VFO. 

Now turn S3 to range ‘‘12"’ and 
the tuning control to minimum 
capacity; again search for the VFO 
signal in the receiver between ap- 
proximately 2.5 and 3.5 Mc/s. This 
time the signal heard will be the 
fundamental frequency and the posi- 
tion should be noted. Let this be 
sy Pe 

It is apparent that if we are to 
obtain the frequency ratio of 2: 1 re- 
ferred to above, then ‘‘ Fmex’’ must 
be a higher frequency than “ 2 Fmin,’’ 
the exact values of these frequencies 
being unimportant, and this condition 
may be achieved by adjustment of 
Cs, following this simple rule :— 


“cc 9 


If ** Fmex’’ is less than ‘2 Fuin,” 
decrease Cx slightly, and vice 
versa. 

After this adjustment a check 
should be made on ‘2F mn” 
and on “ Fmex,’”’? and if necessary 


further adjustments made to Cx until 
the desired coverage is attained. As 
will be seen from an examination of 
Table 1, the total overlap of ‘‘ Fmex ”’ 
over ‘2Fmin” in the original 
model is approximately 30 kc/s, 
Now check the operation of the de- 
tector by inserting headphones in the 
jack on the panel, and switch on both 
the VFO and the 100 kc/s. oscillator. 
Upon rotating the tuning condenser a 
series of whistles should be heard at 
different dial readings. (In addition 
to the main 100 kc/s, heterodynes a 
number of weaker ones will be heard 
due to harmonics of the VFO beating 
with higher order harmonics of the 
100 kc/s. oscillator, but there should 
be no difficulty in identifying the 
correct points.) If now the 10 kc/s. 
MV is turned on, these heterodynes 
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should be heard spaced 10 kc/s. 
apart; also if the response of the 
headphones is good enough, a 10 
kc/s. note will be heard. 

The next step is to identify one of 
the 100 kc/s. points on the dial, and 
in order to do this use is made of a 
roughly calibrated receiver. Having 
identified one such point and noted 
the range and dial reading, it is a 
simple matter to check the remaining 
harmonics in the detector stage, and 
to identify them. To complete the 
calibration the dial readings of the 
10 kc/s. harmonics on each range 
should be noted. An example of the 
method suggested is shown in Table 
2 and its use will next be ex- 
plained. It should be mentioned that 
in the method adopted there is no 
necessity for these readings to be 
taken to nearer than one division; it 
is only required to be able to identify 
each 10 kc/s. harmonic. 


Use of the Apparatus 

1. To measure the frequency of a 
signal heard on a receiver, 

Switch on the VFO and tune it 
through the ranges until a signal 
from it is heard on the receiver. Tune 
this until it is ‘f zero beating ’’ with 
the signal of which the frequency is 
required, and note the exact dial 
reading on Cy. Let this be x. Switch 
on the 10 kc/s, MV, and by listening 
to the output of the detector obtain 
the exact dial readings of the 10 kc/s. 
harmonics immediately above and 
below x, and identify. them from the 
calibration chart. Let these be y and 
z respectively. Since only a small 
part of the swing of the condenser is 
used in these measurements the fre- 
quency change between y and z may 
be assumed to be on a straight line, 
and hence we can interpolate for x 
thus :— 

y — # divisions = 10 kc/s. 
so x — 8 divisions = 10 (x — g) kc/s. 


y—8 
If this be evaluated and added to 


TABLE |.—Frequencies covered by each 
range on S3 on the original model 





q Frequencies | Frequencies - 
Range (ke/s.) | Range (ke/s. 
I 1,460—1,490 7 1,830—1,940 
2 1,490—1,545 8 1,935—2,065 
3 1,545—1,600 9 2,050—2,205 
4 1,590—1,675 10 2,200—2,400 
| 1,675—1,760 a 2,390—2,650 
6 1,750—1,840 |! 12 2,600—2,950 








TABLE 2.—Example of calibration chart, 
for Range 6 

















Dial Frequency Dial Frequency 
5 1,750 56 1,800 
15 60 66 10 
26 70 76 20 
36 , 80 86 30 
46 90 96 40 
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the frequency of 2, the fundamental 
frequency is obtained. A knowledge 
of the approximate frequency of the 
signal being measured will enable the 
operator to determine the harmonic 
being used, and so find the correct fre- 
quency. Should the approximate fre- 
quency not be known, if the above 
procedure is repeated and the har- 
monic of another fundamental fre- 
quency found to beat with the 
unknown signal, an inspection of the 
frequencies of the harmonics will 
show the correct frequency. For 
example, supposing the unknown 
signal is heterodyned by a harmonic 
of a frequency determined as 1,902 
kc/s., and also by one found to be 


2,536 kc/s. The harmonics of these 
two frequencies are set out thus :— 
kc/s. kc/s. 
Fundamental 1,902 25530 
x2 3,804 5,072 
x 3 5:706 = 7,608 
x 4 7,608 -10,144 
9,510 12,680 


x 5 
from which it is obvious that 7,608 
kc/s. is the frequency of the signal 
being measured. 
_ 2. To measure the frequency of a 
transmitter. 

This is done in exactly the same 
way as above except that the first 
measurement is made by listening on 
the unit with only the VFO switched 
on, and adjusting it until it is 
heterodyned with the transmitter 
carrier, 

3. Avseries of 100 kc/s. and 10 kc/s. 
points are always available for the 
calibration of receivers and other ap- 
paratus, by using the SFO only. A 
further series of standard signals at 
2 Mc/s. and harmonics thereof is, of 
course, obtainable by setting the 
VFO to 2 Mc/s. 

4. To set a receiver or transmitter 
to a given frequency. 

The foregoing procedure is re- 
versed. Suppose, for example, it is 
required to set a receiver to 7,431 
kc/s. This is a harmonic of 3,715.5 
kc/s, and of 2,477 kc/s. The latter 
frequency falls within the range of 
the VFO, and is found by noting the 
exact .dial readings of 2,470 and 
2,480 kc/s., using the MV. Suppose 
that these are a and 6 respectively. 

Then 10 kc/s. = 6 — a divisions. 

and 7 kc/s. = 7(b — a) divisions. 


10 
This figure, added to a, will give the 
dial reading of 2,477 kc/s. This pro- 
cedure may then be repeated using 
the fourth harmonic of 1,857.75 ke/s., 
to confirm and to give greater 
accuracy. 
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The Influence of Illumination on the Fatigue 
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of Photo-Electric Cells 


can be divided into pessimists 

and optimists. The pessimists 
are horrified if a photo-cell is not 
-stored in a light-proof box, while the 
optimists are disappointed if they find 
a cell rapidly deteriorating when 
they expose it to such a strong 


Ties users of photo-electric cells 


illumination that a photo-electric cur-, 


rent of several milliamps is passing 
through the cell. In the following a 
brief survey will be given of the 
possible causes for the fatigue effect 
and some figures will be suggested 
indicating the maximum illumination 
to which cells of various types can be 
safely exposed under various con- 
ditions. © 

It should be mentioned that a 
change of sensitivity under the in- 
fluence of illumination is not in all 
cases towards lower values. It is 
often found that the photo-electric 
sensitivity increases during an initial 
period, but this rise is almost in every 
case followed by a decrease to values 
below the initial sensitivity. The 
word “‘ fatigue ”’ is used in this article 
for any change of sensitivity. 


(a) Causes of Fatigue 

Every fatigue effect indicates a 
change of either the chemical con- 
stitution or the physical structure of 
the photo-sensitive surface. Such 
changes can be due to one or more of 
the following three causes: 


(1) The actual emission of the 
photo-electrons can change the 
properties of the sensitive surface 
layer. This effect may be caused 
by rearrangement of the molecules 
forming the surface layer or by the 
release of minute quantities of 
adsorbed gases. It is to be expected 
that such an effect becomes more 
noticeable with increasing illumina- 
tion and consequently increased 
electror emission. 


(2) If the photo-cell contains 
gas, positive ions are formed if a 
potential greater than the ionisa- 
tion energy of the gas is applied to 
the anode. The impact of these 
ions on the (negative) photo-cathode 
tends to reduce the sensitivity. 
This effect is probably again due 
to changes of the surface struc- 
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ture, but it is much more evideni 
than (1). 

(3) If the photo-cell contains a 
gas other than the rare gases, an 
effect on the cathode will be pro- 
duced even at anode potentials 
lower than the ionisation energy of 
the gas, because chemical reaction 


may take place with the very re-. 


active alkali metals which are ccn- 

tained in all modern photo-cathodes. 

This effect becomes worse at high 

anode potential because the effect 

of ion bombardment, described 
under (2), will be added. 

Of the three effects mentioned above 
(3+ is by far the most dangerous 
and (1) is of least importance. In 
modern high quality commercial cells, 
effect (3) has been reduced to a 
negligible minimum. We can there- 
fore confine our discussion to eifects 
(1) and (2). 

(b) Practical Considerations 

It is possible to give some quauti- 
tative data about the fatigue effect for 
the following three cases: 

(a) Photo-cells exposed to light in 
open circuit. 

It can be stated quite definitely that 
illumination of the photo-electric 
cathode has no effect on the cathode 
if no photo-current is passing. On 
exposure to light a small number of 
photo-electrons will leave the cathode 
but the space charge set up by these 
electrons will prevent any further 
emission so that effect (1) cannot take 
place. If a cell should be found to 
deteriorate under these conditions it 
can be assumed that effect (3) is pro- 
duced owing to’ a poor vacuum in the 
cell during the manufacturing pro- 
cess, Such a cell would probably 
have lost sensitivity to an equal ex- 
tent if it had been kept in the dark 
for the same period. 

There is, of course, one exception 
to this statement: the thermal radia- 
tion of the light source must not be so 
great as to heat the cell appreciably 
above room temperature. All cells 
are liable to deterioration at tem- 
peratures above 40° to 50° C.—a 
temperature which may be reached in 
strong sunlight. 

(b) Vacuum photo-celis in closed 
circuit. 

In vacuum cells we have only to 
reckon with effect (1). It appears 


that cells of the ‘‘ Silver-Oxygen- 
Caesium’’ type are more constant 
under continuous illumination than 
‘‘ Antimony-Caesium’’ cells. To 
give an idea of the order of photo- 
current that can be taken for any 
length of time (¢.e., for many hours) 
it may be stated that the first type 
will stand o.5 wA per sq. cm. of 
cathode surface (#.e., 5 HA of an aver- 
age cell of 10 sq. cm. cathode area is 
used), while with the ‘‘ Antimony- 
Caesium’”’ type .1 MA per sq. cm. 
Should not be exceeded. The values 
are correspondingly higher for shorter 
periods, and for quick measurements 
currents of several hundred micro- 
amps can be taken from any vacuum 
cell of average dimensions. 

(c) Gasfilled photo-cells in closed 
circuit. 

In gasfilled cells effect (1) is the 
same as in vacuum cells. But in 
addition effect (2) has to be reckoned 
with, which means that gasfilled cells 
are subject to more severe restric- 
tions. Again, the ‘ Silver-Oxygen- 
Caesium ’”’ type ‘is more stable than 
the ‘‘ Antimony-Caesium ”’ type, but 
even with the first type currents 
above .2 #A per sq. cm. may not be 
constant over long periods. -It is 
difficult to make a more exact state- 
ment because strong illumination on 
a cell of low ‘‘ gas amplification ” 
will usually produce a more constant 
photo-current than a weaker illumina- 
tion on a cell of higher ‘‘ gas ampli- 
fication,’”’? the actual photo-current 
being the same in both cases. For 
very short periods the safe maximum 
current is approximately 2 mA per 
sq. cm. This limitation of gasfilled 
cells is not too serious because in 
practice a vacuum cell can be used if 
such comparatively large photo-cur- 
rents are expected. 

In conclusion, two remarks should 
be added to the above statements. 
Firstly, all the figures given are only 
very approximate. Even among 
individual samples of what was pre- 
viously in this article called a ‘‘ high 
quality commercial cell,’ the con- 
stancy will vary a lot and many cells 
may be used with much larger photo- 
currents than those indicated above. 
Generally speaking, the given maxi- 
mum figures are on the conservative 
side. 


v 
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Aerial-Coupling Circuits 


A Series of Data Sheets 


Part IV.—R.F. Transformer Coupling 


By S. W. AMOS, B.Sc.(Hons.), Grad.1.E.E. 


is perhaps the most common of 

all, probably because, by suit- 
able design, it can be made to give 
a very good performance with respect 
to voltage gain, selectivity and 
constancy of reflected capacitance. 
This may be attributed to the fact 
that the performance of the circuit 
(given in Fig. 1(a)) is a function of 
two variables, namely, the inductance 
of the aerial transformer primary Zi 
and the mutual inductance M between 
primary and secondary. 


It is customary in practical circuits 
to make JZ; either very small (less 
than 50 #H generally) or else very 
large (greater than 1,000 #H), and 
so the value of Z: has been made 
30 HH, a value regarded as typical 
of small primary windings, and 
2,000 #H, an average value for. large 
primary windings. The curves which 


[lip method of aerial coupling 


. follow have been expressed in terms 


of the parameters k and M, which are 
defined by the usual relationship :— 
M 


VLL, 

The electrical equivalent of 
Fig. 1(a) is given in Fig. 1(b) and the 
analysis of the circuit is carried out 
in three appendices at the end of the 
article. The three fundamental 
formule are as follows :— 

Reflected capacitance 


I kote Ll, 








= AC, = , 
Why 2. eel tr =k) 
(derived in Appendix I) 
Voltage gain 
M 





I I 
j or(ior + <i) 4 ral jot + | 
joc: joc 


(derived in Appendix II) 
I 
in which CQ=—- AC, 


wl, : 
Selectivity factor (Appendix III) 
I 





k°Z,0Qr 


 , 




















¢ “ a 
4 4 4 
ae 
b.. 





Fig. |. The circuit and its equivalent. 


As given above, these three ex- 
pressions apply when the primary 
inductance Z; is small so that A, its 
effective R.F. resistance (which is 
likely to be only a few ohms), may be 
neglected in comparison with 7, the 
aerial resistance which, as in earlier 


data sheets, is assumed constant at 40 
ohms. For large primary coils 2; 
will not be negligible compared with . 
r; in fact, it is likely at some fre- 
quencies to be greater than 7 and so, 
in the three expressions above, one 
should substitute (7 + &:) for 7 in 
order to get expressions appropriate 
to the high inductance primary. As 
R, will vary with frequency, the Q 
of Z:, as for Z:, has been assumed 
constant at 100, We therefore get the 
values of #&:; given in Tahle I at 
various medium-wave frequencies. 
These values will be used in subse- 
quent calculations. 














TABLE | j 
Value of w (x 108 rads/sec.) 3 4 5 6 7 8 9 10 il 12 
Value of frequency (kc/s.) 477 | 636) 785 | 954/ 1,113 | 1,272 | 1,431 | 1,590] 1,749 | 1,908 
Value of Ry (ohms) 60 80! 100{ 120! 140! 160! 180! 200{ 2201 240 
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HIGH INDUCTANCE PRIMARY {L,:2000uH 









LOW INDUCTANCE PRIMARY 


4C REFLECTED 





Fig. 2. Reflected capacitance against frequency for various values of k, 
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Voltage Gain and Selectivity for Low Inductance Primary (Fig. 3) 


FACTOR IN PERCENT 


3 
y 
: 


600 


Reflected Capacitance 
Examination of the expression for 
AC; given above shows the following 
points. If Z: 1s so small that 
w*cL,(1 — k*) is very much less than 
1, then AC: is positive so that the 
capacitance in the secondary tuned 
circuit is increased by the connexion 
of the aerial. This occurs when 
LZ; = 30 #H. On the other hand, if 
I, is large (2,000 4#H), then 
w*cL,(1 — k*) usually greatly exceeds 
unity so that AC, is negative. We 
can, in fact, neglect unity in compari- 
son with w*cL,(1 — k*) for this case, 
and AC; is given by 
1 kb 
AC: = —- —. 
wf, 1- k 
As an example of the use of the 
expression for the reflected capa- 
citance, we will calculated the value 


WX 





1300 
FREQUENCY KGC/S. 


of AC, for Z: = 30 #H, k = 0.3 and 
for » = 8 x 10° rads/sec. : 

In the same way, the value of AC; 
at other freqiencies and for other 
values of k may be calculated. The 
results are exhibited in graphical 
form in Fig. 2 for k = 0.1, 0.2 0.3; 
0.5, 0.7 and 1 for the small primary 
windings, and for k = 0.1, 0.2 and 0.3 
for the high inductance winding. The 
frequency extremes of the waveband 
likely to be received with an average 
tuning condenser of 500 “#F maxi- 
mum capacitance are also indicated 
here. In the determination of 
these boundary frequencies the total 
stray capacitance, together with the 
minimum capacitance of the con- 
denser, is assumed to be 30 uuF. The 
maximum capacitance is assumed to 
be 510 wxF, plus reflected capacitance. 


I 3° x O° KX yO .X. 208 % TO"" % 30 ..«° 16"" 


Ac; = 





ge Se oA CO (Soe 


8° x' 10" x 200 X 10-" x (1 — 0.3°) 


Selectivity Factor 
Gain Factor 


Seema 


Voltage Gain 


V: 

We will calculate the value of — 
for £,=2,000 #H, k=0.3 and 
w = 8 x 10° rads/sec. From Fig. 2 


we can see that AC; for this particu- 


lar case is — 10.5 wuF. The calcula- 
tion is set out in steps below. 
Rk, = 160 ohms (from table. on p. 
505). 
R, = 12.56 ohms (from table in 
Part I) 
I I 





wl, Sx 10" *- 167 x 10-° 


=99.5 HH 
I 
C; = —— — AC, = 99.5 ~ (—10.5) 
wl, 
= 109.5 AUF 
wl, = 8 x 10° x 157 x 107° 

= 1,256 ohms 

0.09 x 0.384 
= 99.5 Xx = 5.28 wuF 





I — 0.384 X 0.91 





oC, 


ol 
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Voltage Gain and Selectivity for High Inductance Primary (Fig. 4) 


3 
: 
g 


f 
z 
5 
: 
s 
= 
0 
a 
aH 


I I 





ol, Bx 40" x 310 X 107" 
= 1,136 ohms 
oL, = 8.x 10° x 2,000 x 10-° 
= 16,000 ohms 
I 1 


we 8 x 10° X 200 x 10° 








= 625 ohms 
Ve 0.3 x W157 X 2,000 .x 10° 
V; 110 X 217,000 
= 7-04 
Ve 
Similarly, the values of — can be 


1 
calculated for other values of k and 
and also for the small value of Z; 
(30 #H). 

In Figs. 3 and 4, the solid curves 
illustrate the variation of voltage 
gain factor (i.e., twice voltage gain 
—as explained in Part I). The 
frequency limits are also given 


a3 


7 W x[100 





FREQUENCY : KC/s 


here. The extreme constancy of the 
voltage gain for the high inductance 
primary is noteworthy. 
Selectivity Factor 

We shall calculate the selectivity 
factor for the small primary coil 
when k= 0.3 and » = 8 x 10° rads/ 
sec. Using the expression given in 
the Introduction, we have 


oh; = 8X 10° x 30x 107° 
= 240 ohms 
1 I 
we ‘8: x 10°. 200 =x 10-7 
= 625 ohms 





Selectivity factor 
I 





0.09 x 30 X 8 x 100 .x 40 

I bE bro. x 
385 
The curves showing the variation of 
the selectivity factor with frequency 
are shown by the dotted lines for the 
low inductance primary in Fig, 3 and 
for the high inductance case in Fig. 4. 





Selectivity Factor 
—— Voltage Gain Factor 


Appendix | 


Ref Ac. le 





Applying Kirchhoff’s laws to Fig. 
1(b), we have 
V; = 4:Zp — joMi, ddccoence (1) 
in which Z, = R, + jX, = (r + Ri) 
: 1 
+ joL, + —— 
joc 
and 0 = isZ,— joMA, ........ (2) 
in which Z, = Ry + jXe 
I 
= Ry + joL, + —— 
joc: 
Zs 


te 





From (2) a4 = 
joM 
Substituting for 7, .in (1) 
Luke 


V,= 





le - joMiz 


Since V; = —— 
joc: 
V: M 





Vi CalZpZe + Mt") 
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ne M M?w*R, : Appendix Ili 
= Me = C 7 Z PA = Re + x SRE epee ea (5) Selectivity Factor 
c.z,( z . sad nae . ' Expression (5) has already shown 
oH» “oe + Z (3) Substituting for X, and Xs in (4) : that, at resonance, the resistance of 
Pp eeenee 1 1 H ° a ot 
in which Z represents the impedance M’a? = (2, _ ~)(er. -_— =" oe ee a 
of the secondary circuit in the oc oC; ail sucauae R. by the amount 
presence of the primary. Rationalis- . oe MatR ‘ 
. - 2 1 P 
ing Z we have “Me? = Lily + -—-— Substituting for R, and X, 
M’a* A C 2. 
OO ad De eats wes é 2 Xs ¢ 
Z, Remembering that M = kVLils and remembering the general for- 
Mat and rearranging, snag: log pod = factor given 
=k, + jiX¥s + -—— ; I Z Sane 
Rp + jXp @L L(t — k’) + __— _ _ } Selectivity factor 
M*a*(Rp — jX>) wes ¢ Cs a 
= R, + jXs + th seen cepa =o ‘ = 2,,2 
2 . . M R, 
Rk, + X;° Multiplying throughout by «cL; ; pieibieue 
M’*s*R, M**X, and rearranging, ‘+ ae : 
= Rs + Os 26 ern I 1— wel, : ; 
Ry + Xx, RS t Ay Cy ais: ences ol. ~ 
By neglecting resistive terms in wl, 1 — weL,(1 — 2) i 
comparison with reactive ones : ’ 
MatR, Me" In the — of a primary = = rai (9) 
Z=R, + 7s + j%. —-j-—— coupling, C: = ——, so that the re- + Quln + Ry) 
Pp » 3 
At resonance, the reactive terms 9. + 4 it ye dna ss b ty 
vanish, giving ected capacitance 2 1S — Vv oL; —- — 
MPa? aa I I 1 — wel, we 
jX. —j. =o Pr ce cee ee eae Fe For a small secondary coil, we are 
a ol, WL, 1 — #eL,(1 — k’) justified in neglecting RR: in com- 
Pe go Oana (4) I keel, parison with 7, as explained earlier, 
The value of Z at resonance is thus =—. whereas, for the large primary coil, 
given by ow, 1 — &cL,(1 — k)... (6) it is better to use Expression (9). 
Appendix I! 
Voltage Gain at Resonance 
Vs 
Substituting in (3) the value of Z In evaluations of ¥ for the small 
iven in : 
g (5) primary coil it will be possible to 
neglect #: in comparison with 7 and 
Vs M M (7+ R:) in comparison with 
—_ = I 
V; M’a*R, M’«’*R, joZ, + —— and so we have 
Caley R, + - C; Lele + joc 
aS X~, V; M 
2,2 . Vi I I 
M*o V3 M C, [R. joLl, + —]+r| joL, + — 
But, from (4), =X, ..—2 joc joCs 
xX, See ISR eae aa et eared retin TR Meniae ane kal ree (7) 
For the large primary coil F; will 
ue Vs probably exceed 7 and the following 
Substituting for Z,, Rs, X, and Ry, — = version is then sufficiently ac- 
1 , curate :— 
M Vy M 
ir V; ( I ) I 
; : 1 Cy] Rf joL: + —— ] + (7 + Ril joL, + — 
a[n(+ + Ri + joLl; + a) + (r+ (joc + i | V’ ¢ joc sin joCs 
joc jos .. (8) 
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an VIBRATION destroys ACCURACY 





. (9) 


Delicate pivots, 


fine gearing, tiny links and other details of sensitive instruments are damaged by vibration. 
com- Sometimes the damage,is not instantly destructive, but is in the form of accelerated wear 
lier, | which sets up extra friction, impairs accuracy, and reduces the value and reliability of 
). the readings obtained. 

The importance of providing adequate vibration-absorbing mountings for aircraft 
instruments is well understood—for these are among the very many thousands 
for which we design and supply Metalastik mountings. 

But in the factory and the power-station, the effects of vibration are not so 
' fully realised, perhaps because they are not so obvious—but serious harm 
e often results. 
: We in this company maintain a-full research staff, with complete equipment, 
who can analyse vibrations from any source and of any character, and 
can design mountings to reduce or eliminate their harmful effects. 
The small illustrations show three extremely simple Metalastik instrument 
mountings, the low-frequency type, left, the cross-type, centre, and 
the stud-type right. 

An important development, the Statostable system of mounting, 

will be shown in a later advertisement. 


Metalastik Ltd., Leicester. 






















+ ~ 
ed 

o— 
7 a | 





510 Electronic Engineering May, 1945 


Low frequency increase in amplifi- 


Low Frequency Amplification «sx icc. OO 4 
R 
Part Vil. Increasing Low Frequency Response _ B+ S 
By K. R. STURLEY, Ph.D., M.LE.E. ts tae = sips 
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Expressions 46b and 47 are identical 
in form to Expressions 27 and 26, 
given in Part V for the anode de- 
coupling circuit. Hence the fre- 
quency and phase responses of this 
circuit are identical to those of the 
anode decoupling circuit, and there- 
fore may be used to cancel attenuation 
and phase distortion due to cathode 
self-bias or to the screen decoupling 
circuit. The curves for frequency 
response, which are identical to those 


v 


Fig. 41. (a) Circuit for increasing L. F. Response. (b) Equivalent circuit. of Fig. 35 (Part V), are reproduced in 
OW frequency response can be © The amplification ratio is rh. Frictional Tas lating salve ont 
L increased in comparison with the . 1 \T ReRe’ circuit constants : re 
response at medium frequencies (2. “ —.} ei) penn 0,000 2, R.=200,000 2, 
in other ways than by the use of an A joCJ LR. + Re a 1 es a 40,0002, as 
anode decoupling circuit. An alterna- __ _ uF, sad C, hie s  eandasces negligible 
tive form is shown in Fig. 41a; the A RR,’ : in comparison with R, 
grid leak resistance of the succeeding — ™ [ nae me arenes & RR 
valve is paralleled by a series com- RY ere: jaC ; Ol a alec a | N 
bination of resistance and capacitance, Ro + Ry . 7 1 
so proportioned that the reactance of RR.’ RR,’ 
the capacitance at medium frequen- (a:+ jaca] + a i 8,400 2 I 
cies is negligible in comparison with R. + Ro’ R.+ Re = 3 Ws 
the resistance, which is effectively in = ‘ 
arallel with the grid leak resistance RR.’ = ah nee 
R. and’ the anode load resistance Ro. [: + ol + n,)! R; pie hecassin = Tes sag re 
The Thévenin equivalent (see the Ap- R. + R’ ; , dis 
endix to Part VI) is shown in Fig. 5 $9. is tic 
ie R, and C; are placed on the RiRo R - 46a eat 27RC, = 398 ag rec 
anode side of C. in order that Re + RB’ + RR,’ a. : ‘ fre 
Ce may not affect the performance of r + je =. el ES ag a. ed ytd pre 
the £,C, circuit. Ce. is assumed to R, tata RR . coblkan Mone the coe y rec 
have a reactance much less than Ry _ : Y ft pie “ty 3 ie i tra 
sad 4 anghected. = — — after locating 39.8 c/s. on the fre- gre 
’ $ R.Ro’ quency scale against R/X = 1, so cor 
Amplification at medium frequen- 1 + jo; eaccsiclttt + ‘| that gains of + 5.3 db and +3.3 db wa’ 
cies is *: A+ Re are registered at 20 and 50 c/s. fun 
BR.’R; R respectively. of 
An = RR,’ B+ i- A disadvantage possessed by this cou 
R Re ofte R 4 method of low frequency increase, in res: 
(Ra + Ro’) —- ae Re + & peneniibatile’ carbine te 46b common with the anode decoupling am 
at Ko R circuit, is that it is obtained at the tor 
RRs 1+ j— expense of medium frequency ampli- the 
where Ryo = ———— we ce ceca eee 44 7 fication and of reducing the A.C. load in 
Ro + Re RR’ resistance. This leads to a low A.C./ the 
Amplification at low frequencies is asi D.C. load resistance ratio, approxi- fro 
I Piet; "2 R it i 
Ri + tte Bai ace ae: os ad mately , with its possibility are 
BR.’ joc; R, “ R R. + Rs He 
Ai= , of harmonic distortion if attempts are “i 
Ri. + RF. RR, I RR.’ I made to get large output voltages he 
+Ri+— R=—— +R, and X = —~ from the stage (see the last section of 
Re + Re je, Re + Re eC: Part III). = 
¢ 
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Fig. 42. Frequency response curve for circuit giving increased L.F. amplification. 


Neutralisation of Low Frequency 
Phase Distortion due to the Coup- 
ling Capacitance C, 


Phase distortion, producing a 
variation in the time delay of different 
frequency Components as they pass 
through an amplifier, is as a rule 
much more serious than attenuation 
distortion at low frequencies, and par- 
ticularly is this true of television 
reception. As stated in Part I, low 
frequency phase distortion tends to 
produce a variable background to a 
received picture. I[f we consider the 
transmission of a half-white, half- 
grey picture, the voltage wave shape 
corresponding to this is the square 
wave shown in Fig. 43a, having a 
fundamental frequency equal to that 
of the frame, viz., 50 c/s. The grid 
coupling capacitance Ce. and leak 
resistance R, to a vision frequency 
amplifier stage may cause phase dis- 
tortion, tilting the horizontal part of 
the wave shape in Fig. 43a as shown 
in Fig. 43b. From A to B (Fig. 43b) 
the background shades_ gradually 
from white to less white, from C to D 
it is black and from D to F it shades 
gradually from black to grey, i.e., 
there is not only a variable back- 
ground but also a wide black line at 
what should be the sharp transition 
from white to grey. The wave can 
also be given a tilt in the opposite 
direction as in Fig. 43¢, but this con- 


dition is encountered to a less extent 
in practice.. The downward tilt from 
A to B in Fig. 43b can be explained 
by the fact that the coupling capaci- 
tance C. is building up a charge re- 
ducing the voltage which drives 
current through , at the flat positive 
top of the input voltage applied to 
Ce and Rg. The discharge current / 
through R, decays exponentially from 
an initial current 7, according to the 
law J = Joe ~#ReCe and the line AB 
in Fig. 43b is actually part of an 
exponential curve E = Eve —HRCe 
where £, is the initial voltage ampli- 
tude OA and equals /,X,. Similarly 
during the ‘‘ negative ’’ period of the 


voltage from A to B (Fig. 43b) is 
(1 — e-*/™) x 100 per cent. = 18.2 
per cent., because the time “‘t ”’ from 
A to B is equal to one-half the funda- 
mental period, i.e., to 0.01 second. 
Attenuation distortion due to these 
component values is given by the 
z 








ratio , so that the 
me 
R? + ( ) 
oC. 
attenuation of the 50: c/s. funda- 


mental component frequency is only 

0.18 per cent., and is negligible. 

Phase angle displacement at 50 c/s. 
I 
































square wave, the capacitance C-. diS- jis tan-! — = 3°38’, which is 
charges through R;, and the voltage oC eRe 
decays according to the law equivalent to a time advance of 
E = E,e—®eCe where E, = GC. 3°38" 
Thus, if the square wave input has —————— = 201.5 microsecs., and it 
a fundamental frequency of 50 c/s., 360° x 50 
and C. and RR, are o.1 wF and is this time advance of the low fre- 
o.5 M®, the percentage fall in quency components of the square 
oe 0 Ey Rag wy 405 a os 
iC.» 
Grey ° 
Giseg: ae 
Black 4 ——ctergr=F— — 
© © 

















Fig. 43. Examples of phase distortion of square wave input voltage. 
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Fig. 45. Curves illustrating cancellation of phase distortion in grid circuit by reversed phase 
distortion in anode circuit. 


wave which causes the downward tilt 
of the section AB and the upward tilt 
of the section CDF in Fig. 43b. The 
voltage tilt can be reduced by increas- 
ing C. or R,, and can, under certain 
conditions, be corrected by _ intro- 
ducing a compensating tilt in the op- 
posite direction (see Fig. 43c) from a 
circuit in some other part of the am- 
plifier. The maximum value of 2, is 
limited to about 0.5 M2 owing to 
considerations of valve life (see- the 
last section. of Part III on grid 
emission), so that only Ce. can be in- 
creased. Making Ce =0.5 uF re- 
duces the fall in voltage to 3.92 per 
cent. at 50 c/s. and this would 
generally be regarded as satisfactory. 
If square wave input voltages 
having fundamental frequencies 
lower than 50 c/s, are to be amplified, 
still higher values of C. would be 
required. When an extended high 
frequency response is needed the 
increased bulk of the larger value of 
C. may be undesirable because it 
increases the input-earth capacitance 
of the amplifier to cause increased 
loss of high frequencies. 

Under certain conditions the anode 
decoupling circuit, analysed in Part 
V, and the circuit for increasing low 
frequency response described at the 
beginning of this article can be used 


to provide the compensating tilt to 
cancel the fall AB in Fig. 43b. A 
square wave grid input voltage is 
caused by C; in association with 
(see Fig. 44) to produce an output 
voltage wave shape similar to that 
shown in Fig. 43c, and, provided that 
R, is much greater (by about 10 times) 
than the reactance of C: at the funda- 
mental frequency of the square wave, 
almost exact compensation of grid 
circuit tilt can be achieved. Analysis 
I 


of Fig. 44, assuming 2, > ——, 
wl; 

shows that 

E. I rR. 

oe 

E, joc, I 





I j 
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The reactance (j) term becomes 
zero when R,C, = RoC1, and there is 
then no phase shift between the input 
and output voltage components. 
Phase distortion due to the grid cir- 
cuit coupling capacitance and _ re- 
sistance can be completely cancelled 
by making the grid and anode circuit 

I 
time constants equal when 2; > ——. 
oC, 
I 
If R; is comparable to 





» phase dis- 
oC; 

tortion can be reduced but not can- 

celled, except over a limited range 

of frequencies. 

Another way of regarding the 
problem is to note that the phase 
angle displace nent of C. and Rg is 
positive whereas that due to the 
anode decoupling circuit or special 
circuit of Fig. 41a is negative, so 
that the phase angle displacement of 
the one may be used to cancel or 
reduce that from the other. For 
example, the phase angle displace- 
ment between the grid voltage £Z, 
and input voltage Z, of Fig. 44 is 

I 

oC Xe 
= tan-' 
R; R; 


Phase angle displacement for the 
anode decoupling circuit of Fig. 44 is 
(see Expression 28, Part V) 


% = tan-' 




















R” 
no a: ian 
¢, = tan-? ———_—_— 50a 
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Fig. 44. Cancellation of phase distortion in 
grid circuit by opposing form of distortion 
in anode circuit. 
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R.ka 


(R: + Ro) Bows ~ r.) 
Ra. + Ra 


R.Ra 
R.\ Ri + Ro + ——— 
Ru + Re 


(Ri + Ro)(Ra + Ro) 





where B = 





R.(Ra + Ro + Rs) 
(Ra + Ro)R1 
Rk” = 
Rat+ Ro + Ri 
(note that Rg = © in Fig. 44) 
I 


’ and X,; = —— 


oC; 
R” 2 
When (~ | > B, phase angle 
Xs 
displacement becomes 
x; 
= tan-* — (2. — 1) — 


La 


so that by making 
X, Xe 


the phase angle displacement due to 
the grid circuit can be cancelled by 
that of the anode circuit for all fre- 


quencies whick make -) a 


Expression 51a may be rewritten as 
R’C:, = R,C.(B — 1) 51b 


and arbitrarily selecting the follow- 
ing relationship for the lowest fre- 


quency for negligible phase distor- 
tion : . 
R’\’ 
(=) = (27fR”’C,)? = 1008 
Xx} 
10VB 
f= Am veceercreccnnecneeene ees 52 
27R”"C;: 


Replacing R”C; by RgC.(B — 1) we 
find that the lowest frequency which 
can be amplified with negligible 
phase distortion is 

10VB- 
fro = A ns seereeesonce 53 
27(B — 1)R,Ce 
Thus if Rg = 0.5 M2and C. = 0.5 uF, 
and B = 2 
1.59 X 1.414 
fo = ——————- = 9 ¢/. 
0.5 X 0.5 

In Fig. 45 are plotted curves of 
¢; (Expression 49) and ¢, (Expres- 
: R; a 
sion 50a) against — and — for B = 2. 
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The horizonal logarithmic scales for 


R” 
8 
— and — are the same because Ex- 
Xe Xx; 
X, Xe 
pression 51a gives — = — for B = 2. 
ag 


8 
It will be seen that the two phase 
angle displacement curves are almost 
R; 
identical down to — = — = 10, thus 
c Xi 
justifying the arbitrary assumption 
Fi ne 
that (=) should, be 10V# for 
Xs 
negligible phase distortion, The 
phase angle error, the difference be- 
tween ¢, and ¢;, is plotted as the 
dotted curve (¢;—¢%.), and at 
R” —- 
— = 10V8 = 14.4 the error is ap- 
xX, ; 
proximately 7 minutes, which at a 
frequency of 9 c/s. represents a time 
7 x 10° 

delay of ——— = 324 micro- 
seconds. Such a value of time delay 
is insignificant at 9 c/s., and a square 
wave input of this fundamental fre- 
quency would be reproduced substan- 
tially unchanged at the output.* 

Curves for other values of B may 
be plotted as in Fig. 45, but the 


Ry R” 
scales for — and — will only be 
ec 1 
identical for B=2; for example 
Re 
when B = 4, — =1 is located with 


ad 
— = 3. Expression 53 shows that for 
1 
a fixed value of Rye, fo is decreased 
by increasing B, which means mak- 
ing FR: greater in comparison with 
Ro. This confirms the simpler 
mathematical analysis culminating in 
Expression 48, which suggests zero 
phase distortion conditions indepen- 
dent of f when 2: is much greater 
than X;,. 


This method of compensation re- 
quires a comparatively large anode 
load resistance and is not suitable for 
correcting phase distortion in televi- 
sion V.F. amplifiers, which must 
have a low load resistance in order 
to secure extended high frequency 
response. For example, probable 
values of R, and RF; in a V.F. am- 
plifier are 2,000 each, so that if 

* This method of treating low frequency phase 


compensation has, so far as the author is aware, not 
been published before. 
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Ce = 0.5 uF, Rg = 0.5 MQ and B = 2. 
R°C, = RC: = R,C-(B ~ 1) = 0.25 


0.25 X 10° 
Hence C, = ————— = 125 #F,a 
2,000 


value difficult to obtain in practice. 
If, however, Ro and Ff; can be made 
large, C; is reduced, e.g., for 
R. = 100,000 and &; = 50,002, C; 
=5 #F, a value which can _ be 


realised. 
° 








Metrosil 


Metrosil is the trade name of a 
silicon carbide composition developed 
by the Metropolitan-Vickers Co., 
Manchester, which shows a marked 
departure from Ohm’s law in its 
resistance properties. 


With D.C. the current varies as the 
fourth or even the fifth power of the 
voltage, or, conversely, the voltage 
characteristic is given by V = KI’, 
where V is the voltage across the 
material, K a constant depending on 
the thickness of the material, and b 
an index varying between o.2 and 
0.25. 

Metrosil is supplied in the form of 
disks of varying diameter and thick- 
ness, each face of the disk being 
coated with metal to provide good 
contact with the external circuit. 

For thin disks K = 60—70, and 
for thick disks K = 3,000—4,000. 
The above law holds between 1 milli- 


‘ampere and 10 amperes, and provided 


that the disks are not overheated the 


characteristics will not vary more 
than 2 per cent. for an indefinite 
period. 


Metrosil is not appreciably affected 
by humidity except in extreme cases, 
and can be impregnated with wax as 
a preventative: 

At very low current densities the 
material behaves as an ohmic resist- 
ance with a resistivity of about 10° 
ohms per in. per sq. in. 

Its characteristics make it of par- 
ticular importance as a surge sup- 
pressor, but other applications such as 
condenser protection and temperature 
compensation suggest themselves. 

It can also be used to render a 
relay extremely responsive to a small 
voltage change. 


—Metropolitan-Vickers 
chester. 


Co., Man 
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We have designed, manu- 
factured, laid and jointed 
the World’s first three-core 
132,000 volt underground elec- 
tric cable. Three-core cable 
provides the most economical 
and reliable means for the 
underground transmission of 
electricity at this voltage. 


~ CALLENDER’S CABLE & CONSTRUCTION CO. LTO HAMILTON HOUSE, VICTORIA EMBANKMENT, LONDON E.C.4 
* All over the World 
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siderable interest to electronic 

engineers for insulation at radio 
frequencies, and it is, therefore, of 
interest to discuss at some length the 
various materials suitable and their 
several characteristics. 


The most important rigid dielectric 
is, of course, polystyrene, which pos- 
sesses outstandingly low electrical 
power factor, high dielectric .strength, 
great arcing resistance and low 
moisture absorption. Other materials 
of growing interest are aniline for- 
maldehyde, certain specialised phe- 
nolic and melamine resins, all of 
which are rigid materials, and non- 
rigid plastics, such as polythene. . 


P sieravie” have proved of con- 


Polystyrene 

In considering polystyrene for in- 
sulation at radio frequencies it is 
important to remember that. this 
thermo-plastic solid formed by the 
polymerisation of monomeric styrene 
is capable of appreciable modifica- 
tion, 7.e., various polymeric  sub- 
stances with molecular weights 80,000 
to 200,000 can be produced commer- 
cially, each with specific and charac- 
teristic electrical and mechanical 
properties, and these in turn may be 
suitably modified by plasticisation 
and processing, including physical 
treatment. Certain fabricating pro- 
cesses which impart flow during 
moulding improve the mechanical 
strength and shock resistance, and 
operations which stretch the polymer 
during cooling increase the impact 
strength and elongation before tensile 
break. 


Since the commercial development 
of polystyrene resins a few years be- 
fore the present war, it was recog- 
nised that owing to the absence of 
polar groups these high polymeric 
substances possessed very valuable 
dielectric properties, and that their 
amorphous and homogeneous charac- 
ter was superior to definite crystalline 
structures. On the other hand, it was 
soon found as the result of experience 
that polystyrene was difficult to fabri- 
cate owing to its inherent brittleness 
and that it had a tendency to craze 
and deteriorate on ageing. During 
the last few years, considerable pro- 
gress has been made in this country 
and America in the development of 
less brittle and more stable types of 
polystyrene, and not only has the 
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basic commercial grade been im- 
proved, but other new types have 
been produced, particularly flexible 
forms and grades with higher soften- 
ing points, and possessing improved 
machinability. 

Properties 

The properties of polystyrene 
which are of particular importance to 
the radio and related industries may 
be summarised as follows :— 

1. The dielectric constant varies 
little with frequency; there is very 
little dielectric absorption of poly- 
styrene trom zero frequency, even 
into the range of visible radiation. 
The dielectric loss of polystyrene at 
1,000,000 cycles with a high voltage 
gradient across the sample was 
measured by H. H. Race and S. C. 
Leonard (Elec. Eng., 55, 1347 (1936)) 
by means of a calorimetric method 
and they found a power factor of 0.04 
per cent. as observed with lower 
voltage gradients. 

The British material, Distrene, has 
the following properties :— 
Frequency c/s. S.I.C. ‘Loss Factor. 


50 2.2 0.0002 

1,000 2.2 0.0005 
200,000 21 0.00044 

650,000 ari 0.0002 

1,000,000 2.3 0.0002 

40,000,000 2.3 0.0001 


2. The moisture absorption of poly- 
styrene is negligible, the figure for 
Distrene being nil for 48 hours. 
There is a slight deterioration in 
properties when moisture absorption 
does take place, but exposure to high 
humidity affects the properties of this 
dielectric less than water immersion, 
the latter being a condition less likely 
to be experienced in actual practice. 

3. The thermal. softening point 
(Martens) is 87° C., and the distortion 
temperature is 89-90°C. (ASTM. 
D48.37) Thermal expansion, 10-° 
per °C., is 7.2 (—10° to 45°). Cold 
flow is very low at room temperature 
and only appreciable at 60° C. 

4. The mechanical properties of 
polystyrene are very satisfactory, and 
its relatively high Young’s Modulus 
(modulus of elasticity, Ib. per sq. 
in. x 10° is 5.5) is an asset in such 
mouldings as must have dimensional 
stability in the presence of varying 
mechanical forces. The _ tensile 
strength of Distrene is 2.7-3.0 tons 
per sq. in.; compressive strength, 7 
tons per.sq. in. and impact strength, 
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Izod, notched bar (ft. lb. 20° C.) 
0.25-0.3. 

5. The optical properties of poly- 
styrene are exceptionally good. The 
light transmission of a o.1 in. plate 
is g2 per cent. Refractive index 

20 
Pie: <1 GO: 

D 
slightly when exposed to U.V. light, 
but its stability under normal condi- 
tions is good. (Like acrylic resin, 
polystyrene is capable of  trans- 
mitting and carrying light through 
curved sections and use is made of 
this peculiar property in the produc- 
tion of aircraft instruments. 

6. The lightness in weight of poly- 
styrene is of considerable importance 
for a number of applications. The 
specific gravity varies slightly, 1.05 
to 1.07, compared with 3.5 for 
Mycalex; 2.5 for steatite; 2.3 for 
porcelain; 2.8 for mica and 2.25 for 
glass. 

7. The easy workability of poly- 
styrene is an important factor from 
the production angle. The resin is 
available in powder form for mould- 
ing by the compression or injection 
methods, preferably the latter, and 
cast sheets, rods, bars and tubes ren- 
dered strain-free and stabilised, can 
be milled, turned and drilled without 
fear of crazing and cracking, pro- 
vided special precautions are taken 
to guard against over-heating of the 
material. Polystyrene resin begins 
to soften at temperatures of 75° C. to 
85° C. and a satisfactory supply of 
cooling and lubricating liquid must 
be available (soluble oil diluted with 
20 parts of water). Standard milling 
machines and cutters can be used for 
working Distrene; speeds used 
should be similar to those for ma- 
chining brass. Only thin turnings 
should be taken off in the lathe, 
otherwise chipping may _ result. 
Where small quantities of parts are 
required, or where simple shapes are 
needed, then fabrication of cast sheet, 
rod, bar or tube is recommended. 

8. Parts moulded or machined may 
be cemented together with a _poly- 
styrene cement made by dissolving 5 
parts of polystyrene, air polymerised 
form and 1.5 parts Aroclor 1254 in 
93-5 parts of toluene. 

This is claimed to be suitable also 
for a dope or impregnating solution 
for the coating of coils. High quality 
insulating finishes suitable for use in 


The material yellows 








the high frequency field can be made 
by use of polystyrene, suitably plasti- 
cised, in solvent, such as benzene, 
toluene, xylene, solvent naphtha, 
carbon tetrachloride, etc., and the use 
of the momomeric styrene also pos- 
sesses interesting possibilities as an 
additive to the solution of the 
polymer in solvent. 

It is possible that a new dielectric 
may be produced by impregnation of 
veneers (hardwood) with a solution 
of the monomer and subsequent bond- 
ing and polymerisation in a hydraulic 
press. Some use is made of mica- 
filled polystyrene for use as tempera- 
tures higher than 70°C. and up to 
85° C., but this filled material has a 
higher power factor’ and dielectric 
constant than pure polystyrene. 

There is no doubt that poly- 
styrene is a material of very con- 
siderable interest to radio manufac- 
turers for normal production where 
the highest quality dielectric is re- 
quired. In the evaluation of produc- 
tion costs of units moulded of poly- 
styrene, it should be remembered that 
the use of this plastic permits con- 
siderable economies in both material 
and output. The specific gravity is 
the lowest of any plastic material; 
this means that more mouldings per 
lb. can be produced. Due to the free 
flowing properties of the British ma- 
terial at injection moulding tempera- 
tures, the moulding rate is approxi- 
mately 25 per cent. faster than with 
other materials, 

Polystyrene is also of interest to 
electronic engineers engaged on re- 
search as components can easily be 
machined and new designs developed 
very speedily. In this latter connec- 
tion, however, it is worthwhile noting 
that owing to the relatively low 
softening point of this plastic coupled 
with its ability to burn at tempera- 
tures above 120° C., the:consequences 
of a flash-over cannot be ignored. 
For experimental work in connexion 
with radio frequency heating, 
Mycalex* is sometimes preferred. 

Before leaving polystyrene, it is 
useful to discuss quite briefly the 
trend fof modern research and indus- 
trial development. As_ mentioned 
previously, stretched polystyrene can 
be produced and, in America, a 
flexible material has been on the 
market for more than two years. The 
electrical properties of the flexible 
grades are not quite as good as the 
rigid dielectric, for instance at 
1,000,000 cycles the dielectric constant 
is 2.5-2.7 and power factor o.ooo1- 
0.0004, but they are very superior 


.* A full account of this material is given in the 
May, 1942, issue of this Journal, p. 749. 
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insulating materials for radio work 
and appear to possess many interest- 
ing possibilities. New types of poly- 
styrene have also been developed for 
use at higher temperatures than the 
normal grade, and one fairly recent 
American dielectric is claimed to 
withstand about 20° F. higher than 
ordinary polystyrene without — de- 
terioration of machining properties. 


Aniline Formaldehyde Resin 

This is a plastic which has come 
into prominence during the last five 
years or so for specialised electrical 
applications. Although a_ thermo- 
plastic, its softening point 1s so high 
that, for temperatures up to 100° C. 
it can be classed as a thermo-setting 
resin. Two main types of moulding 
are available. 

1. The pure aniline formaldehyde 
resin, z.e., without filler. This is a 
rigid dielectric with a Young’s 
Modulus E (lb. per sq. in. x 10°) 0.6, 
and Izod impact strength, 0.5. mois- 
ture absorptioa, practically nil. 

2. Special: paper in which the resin 
is precipitated in the pulp prior to the 
manufacture of the paper. This 
paper, is pressed up to form boards 
and moulded rods which have good 


mechanical and electrical properties , 


and can be readily moulded or 
machined. The tensile strength varies 
from 15,000 to 20,000 Ib, per sq. mm. 
and the impact strength, Izod, 0.8; 
water absorption is a little more than 
the pure resin, the figure being 0.4 
per cent. 

The power factor of the British 
material, ‘‘ Panilax’’ is tan d at 50 
c/s., 1 per cent. to 2.0 per cent. at 
25° C., and 2.0 per cent. to 12 per 
cent. at go° C.; tan d at radio fre- 
quencies, 0.15 to 0.3 per cent. at 
25°C. and o.2 per cent to 1.0 per 
cent, at go° C, 

Phenolic and Melamine Resins 

Special grades of phenol formalde- 
hyde moulding powders are being 
manufactured to obtain good elec- 
trical qualities at normal low fre- 
quencies, but generally speaking 
P.F. powders are not suitable for use 
at high frequencies. The cast phe- 
nolic resins are more suitable and the 
type, Catalin mica filled, is likely to 
assume some importance where the 
highest electrical properties are not 
specified. The surface resistivity, 
ohms per sq. cm. of the mica-filled 
material is 1.6x10°; volume resisti- 
vity, ohms per cm., 1.9x10°. Unfor- 
tunately, the power factor (1 Mc/s.) 
of this particular grade is not yet 
available, but the power factor 
(1 Mc/s.) of the high strength Catalin 
is, 0.014 (this is not the electrical 
grade). Melamine urea resins are of 
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interest for certain components re- 
quiring high arc resistance and high 
dielectric strength. The American 
melamine resin (asbestos filled) has a 
power factor (10° cycles) 0.041, but 
new grades show an improvement on 
this. 


Non-Rigid or Flexible Dielectrics 


Polythene is of exceptional interest 
as a rubber-like material specially 
suitable for use at all frequencies 
between 50 and 5x10" c/s. The name 
polythene is the generic name given 
to the solid polymers of ethylene 
discovered by Imperial Chemical In- 
dustries, (Ltd. It is a white translu- 
cent substance, tough and flexible, 
although without the elasticity of 
natural rubber. The chemical inert- 
ness, water resistance and dielectric 
properties are all exceptionally good. 
Volume resistivity, 10° ohms per 
cm. cub.; surface resistivity, 10" 
ohm. per sq. cent. and breakdown 
voltage, 1,000 volts per mil. The 
dielectric constant (2.3 at 20° C. and 
all frequencies between 50 and 5x 10° 
c/s.) has a tendency to fall with in- 
creasing temperature, e.g., to 2.0 at 
100° C. Polythene has a softening 
point of about 115° C. for the hardest 
grade and below the softening point 
this material is remarkably free from 
cold flow. As the temperature is 
lowered, polythene gradually stiffens 
and finally breaks on bending at 
about —20°C. This material is of 
principal interest to radio manufac- 
turers on account of its availability 
in extruded forms, such as _ tubes, 
tapes, foils, threads, 

Rubberlike plastics from petroleum 
hydrocarbons, such as /solene (poly- 
isobutylene) are now assuming im- 
portance for insulation, power factor 
tg at 800 cycles is 0.0004 at 20°C. 
and 0.0005 at 85° C. Polyisobutylene 
is completely unaffected by immer- 
sion in water. It retains its mechani- 
cal properties up to nearly 100° C. 
It is frequently used in association 
with polythene and other ‘thermo- 
plastics and is easy to extrude. 

The American material, Styraloy, 
which is a new synthetic elastomer, 
is of interest because it shows good 
dielectric strength at elevated tem- 
peratures and surprising resistance to 
corona discharge at even high tem- 
peratures. The power factor appears, 
however, to rise rather abruptly at 
frequencies higher than one mega- 
cycle, and it may well have an absorp- 
tion peak around 100 Mc/s. and then 
fall off again at higher frequencies. 
Thus at 50 Mcs. the factor is 
0.40-0.50, compared with 0.05-0.10 per 
cent. at 1 megacycle and 0.35-0.40 at 
50 Mc/s. 
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The Effects of Electric Shock 


By H. A. POEHLER * 


This article is of particular interest in view of the increasing use of high voltages in electronic 
equipment, and we are indebted to Electronics for permission to reproduce it in condensed form. 


EATH by electricity is due to 
De: of three fundamental 
causes: a cessation of respira- 
tion due to a block in the part of the 
nervous system controlling breath- 
ing; a serious reduction of the circu- 
lation of the blood, due to unco-or- 
dinated beating of the heart muscles 
(ventricular fibrillation); or an over- 
heating of the body. Of the three, 
the second of these is the most 
dangerous, for there is no practical 
way of bringing a fibrillating heart 
into a normal beat. Of course, death 
may be the result of a combination 
of the above causes, or due to compli- 
cations, such as a broken neck, etc. 
The reason for the wide variation 
in voltage required to send a lethal 
current through a human body is that 
the resistance of the body varies from 
1,000 ohms when wet to 500,000 
ohms when dry, 

The resistance of the body is made 
up of the skin resistance and the 
internal resistance. The former is 
large when the skin is dry (70,000 
to 100,000 ohms per sq. cm.), but 
falls to less than a hundredth of this 
value when wet. The internal re- 
sistance is low because the tendons, 
muscles and blood are _ relatively 
good conductors. 

It is understandable that the effect 
a given current will have depends on 
the current path through the body. 
It is found that the heart, the brain, 
and the spinal column are the three 
most critical regions. © 

Numerous studies’ have shown that 
the threshold of perception is 1 mA. 
In other words, currents ‘less than 
1 mA. are not even felt, provided 
abnormally large current densities, 
as result from pin-point contacts, are 
not produced. 

Currents from 1 to 7 mA. are per- 
ceptible, but not yet painful. When 
the currents reach a’ value of 8 to 
15 mA. they are painful, and cause 
an involuntary contraction of the 
muscles affected. Muscular control, 
however, can still be exercised. Cur- 
rents of 15 to 20 mA. are painful, 
cause involuntary contraction, and 





* Westinghouse Elec. & Mfg. Co., Bloomfield, N.J. 


muscular control is lost. Currents of 
20 to 50 mA., passed between arms, 
or an arm and a leg, involve the chest 
muscles and breathing becomes diffi- 
cult. Currents of 100 to 200 mA., 
when passed through the body in a 
path that involves the heart regions, 
produce ventricular fibrillation. 

Currents in excess of 200 mA. pro- 
duce burns; if they take a path in- 
valving the heart region, the heart 
action is suspended for the duration 
of the current passage, but generally 
is resumed at the end of this period. 

If the path involves the part of the 
nervous system controlling respira- 
tion (such as hand to hand, hand to 
foot, head to hand, etc.) a block in 
the respiratory system is produced. 
If artificial respiration 1s applied, the 
body may resume its own breathing 
after as long as 8 hours; if the 
damage to the respiratory-control- 
ling nervous system 1s severe, how- 
ever, breathing may be suspended 
indefinitely. 

The variation of the percentage of 
shocks causing fibrillation with the 
magnitude of the current passed 
through the body of a sheep is shown 
in Fig. 1.* Each point represents 
about 75 trials. Note that the sus- 
ceptibility increases with current up 
to a maximum, and then decreases 
as the current is increased further. 
This is in agreement with observed 
data on man, for it has been observed 
that as the voltage increases on high- 
voltage shocks, the per cent. that can 
be resuscitated, increases. 

For shocks short in duration com- 
pared to a heart cycle, the probability 
of producing fibrillation varies with 
the part of the heart cycle in which 
the shock occurs. This is shown by 
the dash-dash curve superimposed on 
the electrocardiogram in Fig. 2. This 
sensitive phase represents the de- 
creasing contraction of the heart 
muscles. At any other time, the heart 
is quite insensitive to shock. 


Duration of Shock 


Finally, the effect of shock length 
was studied. The results are plotted 
in Fig. 3. Note the sudden increase 
in susceptibility to fibrillation as the 


shock length approaches the length 
of the heart cycle. What happens to 
this curve as the shock length is de- 
creased to much smaller values, say, 
oue microsecond, is an _ interesting 
question, but no authentic data are 
available on this subject. 


In many cases of electric shock the 
victim becomes unconscious and 
stops’ breathing, but his heart keeps 
on beating. This is due to a break 
in the nervous system controlling 
respiration. The nerves are para- 
lysed by the currents and no longer 
transmit stimuli to the lungs. 


If the damage to the nervous sys- 
tem is not too severe, the block will 
pass away (o to 8 hours) and the 
person will resume breathing of his 
own accord, provided the person has 
been kept alive by supplying the 
vital cells of the body with oxygen 
in the meantime through artificial 
respiration. This explains the pre- 
scribed procedure in all cases of 
electric shock: apply artificial resus- 
citation immediately and _ continue 
until vigor mortis sets in. 


A further characteristic of current 
that determines its effect on an 
Organism is its frequency. A ready 
example is that of direct current and 
6o0-cycle alternating current. The 
bearable direct current is about three 
times that of the 60-cycle current. 
This problem has been studied trom 
two angles; one, the maximum cur- 
rent which a person could stand be- 
fore distress was caused, and second, 
the amount of current required to kill 
laboratory animals. 


The results as well as those of W. 
Kouwenhoven, D. Hooker and E. 
Lotz’ show that the frequencies that 
are the most dangerous are those in 
the neighbourhood of 60 c/s. 


W. McLachlan‘ gives detailed in- 
formation based on studies of 475 
cases where electricity alone was the 
cause of death, not lack of resuscita- 
tion, broken necks, burns, etc. 
McLachlan’s figures are based on 
U.S. and Canadian industrial acci- 
dents, and divide the accidents ac- 
cording to the potential of the circuit 
involved :— 
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CURRENT ~ MA. 


Record of Accidents by Potertial 
of Circuit Involved. 
Total Successful 


) Volts. Cases. Revival. 
per cent. 
FAG. iis. 65 63 
750—4,999__...... 212 65 
5,000 — 39,999 167 69 
40,000 and over ... 26 88 
Note that the danger does not : 
necessarily increase with the voltage. 
This is due to two reasons: first, the 
muscular reaction is more _ pro- 


nounced, at high voltages, making it 
more likely that the person will be 
thrown clear of the circuit; secondly, 
as data on animals have shown, the 
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heart is not thrown into fibrillation 
by very large currents (greater than 
250 mA.). 

The data by McLachlan show that 
if resuscitation is instituted soon 
after the accident, the fatality can be 
reduced to 33 per cent. 
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BEAT | 
FREQUENCY 
OSCILLATOR 
TYPE AF.200 








Frequency Range 
50 to 10,000 c/s 





Calibration 
Approximately Logarithmic to 
2 ke/s. Linear thereafter. 
Accuracy + 1% +2 ¢/s. 
Frequency Stability 
Drift less than 5 c/s. over a normal 
day. 
Output 


Up to 2 watts into 600 ohms or 
10 ohms. Constant within | dB. 
Indicated on two-range output 
meter 0—5/0—5O0 volts. 

Spurious Content 


Hum and r.f. content less than 


0.5% at full output. 
Harmonic less than 3% down to 
100 c/s. 


Dimensions 
174 in. x 103 in. x 84 in. 
Weight 
35 Ibs. 
PRICE - £50 


LABORATORIES LTD. 


BOREHAM WOOD 


HERTS 
TELEPHONE . ELSTREE 1137 
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NOTES FROM THE INDUSTRY 


The English Electric Co. 

At a recent Press luncheon, Sir 
George Nelson, the chairman of the 
English Electric Co., spoke of the 
company’s activities in war-time, par- 
ticularly in the building of Hampden 
bombers, tanks, diesel sets, and 
smaller electrical equipment, such as 
high frequency alternators, cathode- 
ray ignition testers, and radio trans- 
formers for Service requirements. 

It is the company’s policy to re- 
main in the field of aircraft construc- 
tion in addition to the resumption of 
their other well-known electrical 
activities. P 

They are particularly interested in 
the technical training of their em- 
ployees and have a Central Education 
Officer at Stafford Works whose main 
work is to secure the continued main- 
tenance of the high standard of 
British technicians. 


T.E.M.A. 

At the annual general meeting of 
the Telecommunication Engineering 
and Manufacturing Association, Mr. 
T. A. Eades was elected chairman 


J. B. Jolliffe, who recently was 
elected Vice-President of the Radio 
Corporation of America, in, charge of 
RCA Laboratories. 

Mr. Folsom also announced the 
appointment of George L. Beers as 
Assistant Director of Engineering in 
charge of Advance Development. 
He was formerly on the engineering 
administrative staff. 


Mr. S. B. Turner 
Mr, S. B. Turner, who has been 
with Messrs. B.X. Plastics since 1931, 
has now joined the staff of the 
Expanded Rubber Co. (a subsidiary 
of B.X.) as sales manager. 


Mr. O. S. Puckle 


Mr. O. -S. Puckle, M.I.E.E., has 
left Messrs. A. C. Cossor to join R.F. 
Equipment, Ltd., as Chief Engineer, 
with a seat on the Board. 


and Mr. F. T. Jackson vice-chairman Ji \\ 


for the ensuing year. The formation 


of this Association has proved of con- ~ 


siderable value to the industry which 


it represents and has amply justified GN 


the anticipations of its founders. 
S.1.M.A. 


The Bowen Trust for Prizes 
Mr. W. Bowen, governing director 
of the Bowen Instrument Co. and 
Cables & Plastics, Ltd., has presented 
to the Scientific Instrument Manufac- 
turers’ Association a Trust Fund for 
the awarding of annual prizes of £25 
each for :— 
(a) A new invention. 
(b) An improvement: of design. 
(c) An improvement in manufac- 
turing technique, 
(d) A new development of new pro- 
cess arising from research. 
The competition is open to any 
employee of members of the S.I.M.A., 
and full particulars and terms can be 
obtained from the secretaries, Messrs. 
Binder, Hamlyn & Co., River Plate 
House, South Place, E.C.2. 


R.C.A. Victor 

The appointment of D. F. Schmit 
as Director of Engineering is an- 
nounced by Frank M. Folsom, Vice- 
President in charge of the RCA 
Victor Division. Mr. Schmit, who 
was formerly assistant chief engin- 
eer, will fili the post vacated by Dr. 





“I want it changed to 'FM'!" 


—Radio News. 


B.B.C. Standard Frequency 
Transmissions 

The B.B.C. announces that certain 
of its transmission frequencies are 
uow controlled within +1 part in 1 
million of the ‘nominal frequency. 
Whenever these frequencies are used 
by B.B.C. transmitters, they can 
therefore be employed as a reference 
standard. 

The frequencies in question are 
200, 6,180, 9,510 and 17,810 ke/s. 
Transmission hours will change 
with alterations in 5B.B.C. - ser- 
vices, but the present schedule of 
transmissions is as follows (times in 
G.M.T.) :— 

(a) 200 kc/s. (European Service) 
04-00-13.30, 1£4-30-00.45. 

(b) 6,180 kc/s. (Home Service) 
05.00-13.30, 14.30-22.15; (European 
Service) 04.00-05.00, 22.30-00.45. 

(c)’ 9,510 ke/s. (Overseas Service) 
04.00-08.00, 17.30-02.15, 

(d) 17,810 kc/s. (Overseas Service) 
09-00-15.15. 


Rust Removal 

Details of an interesting new pro- 
duct known as Manganesed-Phospho- 
lene No. 7 have been received from 
the Leonard L. Minthorne Co., Inc., 
of New York. This is a_non- 
inflammable chemical solution for 
removing and preventing rust and 
corrosion on iron, steel, zinc and 
alloys. It can also be used for 
loosening tightly rusted bolts, nuts, 
springs, etc., and for bonding paint, 
varnish, lacquer, enamel and plating 
to iron and steel. It is claimed that 
this product will dissolve rust no 
matter how heavily encrusted, and 
that by its action all pessible rusting 
agents are thoroughly destroyed and 
removed. 

Catalogues Received 

List ‘‘ B’’ of Messrs. Daly’s, Ltd., 
describes their range of standard 
block condensers, and List ‘‘ T ”’ the 
tubular type ranging from 2 #F, 250 
vp., to 8 HF, 350 vp. Copies can be 
obtained from the company at The 
Green, Ealing, W.5. 

Three additional pages to the S. S. 
White book on Torsional Remote 
Control describe special problems in 
coupling operating shafts te knobs 
some distance away and the types of 
fitting recommended. The complete 
book is available to bona fide en- 
gineers on request, and _ inquiries 
should be addressed to the S. S. 
White Co., St. Pancras Way, London, 
N.W.1. 

Bulletin 11a from Messrs. Handy & 
Harman, 82 Fulton Street, New York, 
describes a special arplication of 
their Easy-Flo brazing alloy to the 
brazing of carbide tool tips. Easy-Flo 
No. 3 has a flow point of 1,270° F. 
and is available in wire or strip. 

Low-Voltage Soldering Irons 

The Acru Electric Tool Mfg. Co. 
have now produced a_ low-voltage 
soldering iron similar in appearance 
to the Wireless Model but having a 
rating of only 25 W at 6 V. This 
should be specially useful to users 
having battery supply only available. 

Particulars from the Acru Electric 
Tool Mfg. Co., Hyde Road, Ardwick, 
Manchester 12. Price 22s. 

A low-voltage iron has alse been 
produced by W. T. Henley—makers 
of the ‘Solon’ brand. This can be 
supplied with either the oval tapered 
bit or a replaceable round pencil bit 
and is suitable for 12 V or 24 V. 
Details from W. T. Heniey’s Tele- 
graph Works, 51 Hatton Garden, 
E.C.1. 
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CORRESPONDENCE 


Photo-Mechanical Oscillators 


Sir,—In a recerit article in this 
Journal (Vol. XVII, page 326) G. R. 
Baldock and, W, Grey Walter gave 
the description of a ‘‘ Low Frequency 
Photo-Mechanical Oscillator.”” In 
this instrument a complex wave is 
made up by superposing the electrical 
outputs of a number of selenium 
photocells with apertures as shown 
in Fig. 5 of the quoted paper in front 
of which equidistant illuminated cir- 
cular holes in a rotating disk are 
moved with constant angular velocity. 


It can be shown by a simple 
elementary calculation that the total 
amount of light falling on one cell as 
a function of time is given by the 
formula 


t 
¢(y)=—- arc cos y—y vizy 
© 


where 


R 
y=—sinot —1<yC4+1 
“4 


Here w is the angular velocity of 
the disk, 7 the radius of the hole and 
R the distance of the centre of the 
hole from the centre of the disk; the 
maximum light intensity is taken as 
unity. 

In the case where R>v7,y is ap- 
proximately proportional to time and 
¢(y) represents directly the time de- 
pendence of the photo-current. Com- 
paring this function with a harmonic 
function of the same period, ampli- 
tude, and phase one finds a consider- 
able distortion (see Fig. 2 of the 
quoted paper) which amounts to as 
much as 7 per cent. This means that 
the generated function can be re- 
garded as the sum of a harmonic 
function of the same frequency plus 
higher harmonics whose frequencies 
are integer multiples of the funda- 
mental frequency and whose ampli- 
tudes are of the order of magnitude 
of about 10 per cent. of the amplitude 
of the fundamental. 


If 7 and R are comparable in mag- 
nitude the distortion will be different 
for each row of holes, i.e., for each 
component, but it will again be of the 
same order of magnitude. 


Apart from the distortion due to the 
geometry of the generating mechan- 
ism another distortion of a physical 


_ functions. 


nature will be added due to the fact 
that the sensitivity of a selenium 
photocell is in general not uniform 
throughout its whole surface. The 
photo-electric current will then not be 
precisely proportional to the illu- 
minated area. 


As long as the device is only used 
for the production of low-frequency 
complex electrical waves for, say, 
physiological purposes, this does not 


matter much. But if it is to be used ° 


with any degree of accuracy as a 
‘‘ harmonic synthesiser’’ or, by way 
of imitation of a given wave form as 
a ‘harmonic analyser,’’ the compo- 
nents must be accurate harmonic 
Assume, for example, that 
the given wave contains a second 
harmonic of 10 per cent. amplitude 
with respect to the fundamental; the 
distortion mentioned above will then 
be of the same order of magnitude 
as the quantity to be measured, and 
the same. argument applies to the 
higher harmonics as well. Hence the 
amplitudes and phases of the compo- 
nents obtained experimentally will be 
widely different from the true 
Fourier coefficients and phases. 


A combined photo-mechanical har- 
monic synthesiser and analyser which, 
of course, can also be used as a low- 
frequency generator, has been 
described by the present authors 
recently in an article in the Phil. 
Mag. (October, 1944). In this device, 
just as in that of Baldock and Grey 
Walter, the components are produced 
photo-electrically, thus avoiding the 
ase of complicated valve generators. 
The components produced in our 
instrument, however, are purely har- 
monic, and no distortion is involved 
either in harmonic synthesis or 
analysis. Furthermore, only one 
photocell is used in the former opera- 
tion and only two cells in the latter 
one as compared with one pnotocell 
for each harmonic component in 
Baldock’s and Grey Walter’s instru- 
ment. Moreover, by the replacement 
of a disk carrying the shape of the 
component functions by another one 
our instrument can be readily used 
for synthesis and analysis with res- 
pect to any set of orthogonal tunc- 
tions. 

In our instrument, if used as a 
synthesiser, the synthesised function 
appears as a stationary curve on the 
screen of a cathode-ray oscillograph. 
It could, of course, as well be’ pro- 


duced by an ink writer although it is 
generally recognised as an advantage 
for research and also for teaching to 
be able to produce the whole curve 
representing the investigated func- 
tional relation instantaneously instead 
of having to watch the curve being 
traced out by a pen; but perhaps this 
point of view is not shared by 
physiologists. 
R. FurtH, Dr1.Phil., F.Inst.P. 
R. W. PRINGLE, B.Sc., Ph.D., 
A. Inst. P. 


Departments of Natural Philosophy 
and Mathematical Physics, 
Edinburgh University. 


Gas-Filled Relays 


S1R,—My attention has been drawn 
to two points in my recent note on 
gas-filled relays published in your 
February issue. They concern the 
question of the life of the GT1C run 
as shown in the figures. 

First, to clarify any doubt which 
may have arisen it is emphasised that 
the values of grid voltage shown in 
the table for the GTiC, as well as 
the circuit arrangement of Fig. 1, 
refer only to the purpose of test. The 
relays should not be run continuously 
under these conditions of extreme 
negative grid voltage, which should 


in general not exceed —10 v. The 
extreme values recorded were _in- 
cluded to draw attention to the 


persistence of when 


once established. 


the discharge 


Second, it has been pointed out 
that the negative grid supply voltage 
of 48 shown in Fig. 2 is excessive. 
In these circuits the effect of positive 
ion grid current must be considered ; 
the actual potential at the grid is 
approximately -—23 v, which would 
result in a life of only a few hours’ 
continuous running. I had_ used 
these circuits only for intermittent 
counting, and had choser the volt- 
ages having in mind the stability of 
the whole counter arrangement. 
For continuous running, the voltage 
should be reduced, to give a value 
—1o v at the grid. 


It is understood that the makers 
refer in the latest editions of their 
data charts to optimum values of grid 
voltage, and are glad to remark on 
circuits using gas-filled relays from 
the aspect of valve life. 


D. W. GILLINGS. 
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MAY MEETINGS 


NOTE.—In general, visitors are admitted to the meetings of scientific bodies on the invitation of a member, or on 
application in writing to the Organising Secretary at the address given. In certain cases (marked *) tickets may also be 
obtained on application to the Editorial offices of this Journal. ; 


Institution of Electrical Engineers 


All meetings of the London Section 
will be held at The Institution of 
Electrical Engineers, Savoy Place, 
Victoria Embankment, London, 
W.C.z2. 


Ordinary Meeting 

Date: May 10. Time: 

Annual General Meeting. 

(Corporate Members and Associates 
only.) 


5-30 p.m. 


Measurements Section 


Date: May 18. Time: 5.30 p.m. 
Lecture : 

‘* Magnetic Materials.”’ 
By: 


Sir Lawrence Bragg, O.B.E., M.A. 
Radio Section 
Date: May 2. Time: 5.30 p.m. 
Lecture : 
‘‘ Notes on the Stabilities of L.C. 
Oscillators.’’ 
By: 
N. Lea, B.Sc. 


Date: May 15. 

Discussion on: 
‘* The Characteristics of Lumines- 
cent Materials for Cathode-Ray 
Tubes.” 

Opened by: 
C.-C. AH, B.Sc. 


Time: 5.30 p-m. 


Date: May 22. Time: 5.30 p.m. 
Discussion on : 
** Non-Ferrous Contact Springs.’’ 
Opened by: 
H. G. Taylor, D.Sc.(Eng.), 
L. B. Hunt, Ph.D., M.Sc. 
The Secretary : 
The Institution of Electrical Engi- 
neers, Savoy Place, Victoria Em- 
bankment, London, W.C.2. 


and 


Cambridge Radio Group 

Date: May 8. Time: 6 p.m. 
Held at: 

Cambridgeshire Technical College. 
Lecture : 

** Carrier Protection on 

Transmission Lines.” 
By: 

D. H. Towns, B.Sc., A-.M.I.E.E. 
Group Secretary : 

D. I. Lawson, clo Pye Ltd., Radio 

Works, Cambridge. 


Overhead 


The Television Society* 

Date: May 29. Time: 6 p.m. 

Held at: 

The Institution of Electrical Engi- 
neers, Savoy Place, London, W.C.2. 

Lecture : 

‘*The Human Eye and the Photo- 
Cen,”” 

By: 

Dr. W. Sommer. 

Lecture Secretary: 

G. Parr, 43 Shoe Lane, London, 
E.C.4. 

General Secretary : 
0: SS. Puchie, 
Edgware, Middlesex. 

Electronic Music Group 

Date: May 12. Time: 3 p.m. 

Held at: 


The Northern Polytechnic, Hollo- | 


way, London, N.7. 
Lecture : 


‘“A Homophonic or Single-Note 


Electronic Musical Instrument with | 


a Photo-Cell as Playing Manual.’ 
By: 

W. Saraga, Ph.D. 

Note.—A demonstration of .an 


experimental model will be given. | 


The Secretary : 

L. N. Bennett, g Senga Road, 
Hackbridge, Wallington, Surrey. 
The Association for Scientific 
Photography* 

Date: May 24. 

Held at: 

The Caxton Hall, Westminster. 
Annual General Meeting followed by 
Lecture : 

‘* Photography Applied to Research 

in the Steel Industry.’’ 
By: 

S. H. Thorpe, A.R.P.S 
The Secretary: A.S.P., 34 Twyford 

Avenue, Fortis Green, London, N.2. 

Kingston-upon- Hull Electronic 
Engineering Society 
Date: May 11. Time: 7.30 p.m. 
Held at: 
The Electricity Showrooms, Ferens- 
way, Hull. 
Lecture : 
‘* Reproduction of Sound.” 


Time: 7 p.m. 


y: 

E. A. Buckland, B.Sc. 
The Secretary: 

H. W. Akester, 720 Anlaby Road, 
Aull. 


8 Mill Ridge,.| 


British Kinematograph Society 


Date: May 16. 
Held at: 


Time: 6 p.m. 


Gaumont-British Theatre, Film 
House, Wardour Street, London, 
W.t1. 


Symposium : 
‘‘ Auditorium Requirements in 
Sound-Film Presentation.’’—Part I. 
Organising Secretary: 
R. H. Cricks, Dean House, 2 
Dean Street, London, W.1. 





A Note on B.F.O’s 
By K. E. MARCUS 


DEAR SiR,—I have noticed that 
Beat Oscillation Injection has so far 

| mainly been achieved by coupling the 
| beat oscillator magnetically or capaci- 
| tively to the demodulator. This 
method is sometimes rather critical 
and it might therefore interest readers 
to know that electronic injection 
works quite satisfactory and is less 

involved. 





ce 





























will 








double-diode-triode as demodulator 
and beat frequency Oscillator. The 
| triode portion serves as an electron 
coupled oscillator, working at a fre- 
quency of IF+- Beat Note. D is the 
circuit determining this frequency, C 
is the conventional grid complex to 
maintain the oscillations. As it is 
known the cathode of such an osil- 
lator is on HF potential, and as the 
| diode is. worked as a conventional 
series demodulator for the IF across A, 
the frequency produced in the triode 
portion is injected into the diode 
portion. Consequently the beat note= 
appears across the diode load complex 
exactly at the same point where the 
AF is usually taken off. 
The injection js easily interrupted by 
| closing the switch E which grounds 
| the cathode. 
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PROBLEMS WE HAVE SOLVED=—=NO. I 


a THE ELECTRONIC GOVERNOR 


Iso be E.M. research 

eengineers were 
asked to design a 
governor with an 
ty accuracy of at least 
that of the best 
centrifugal governor 
when working under 


Film 3 : 7 the same variation of 
yndon, load and supply vol- : . 
tage, and they devel- | C/RCUIT OF S.E.M. ELECTRONIC 
; ’ oped the Electronic GOVERNOR (Pat. No. 16640/41) 


Governor. The circuit comprises a resonant circuit tuned to a 

















in frequency corresponding to the normal speed of the machine. 
art I. The alternating current from this circuit is applied, through 
a rectifier, to the grid of an amplifying valve, the output from 
: this valve being fed to an auxiliary field coil on the motor 
sé, 2 from which the main speed control is obtained. Energization 
of this coil varies with the speed of the motor, so that any 
change isimmediately compensated by the Electronic Governor. 
The governor gives a speed control of less than 0.5%, and the 
intermittent variation or hunting is less than 10% of that 
experienced with centrifugal governors. 
that This is only one of the many technical problems which we 
so far have been called upon to solve. The entire resources of our 
ag the research laboratories are available to manufacturers who have 
eee a special problem involving the use of non-standard electrical 
This devices. 
ritical SMALL ELECTRIC MOTORS LTD. 
; (A SUBSIDIARY OF BROADCAST RELAY SERVICE Ltd.), BECKENHAM, KENT 
eaders 
jection ' 
is less 
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— has carried out 
ie pioneer work in all 
jectron branches of electronic science 

a fre- 

is the and has been 
ncy, C § , 
lex to responsible for man 
+ £t: 48 
n osil- | of the major technical 

as the P e 
ational developments and applications 
ross A, 

triode 

diode 
/note= ? 
omplex RUGBY 
re the THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND 
sted by A3456 N : perhaps you have.never realised how much money we can 
d save you...we specialise in ‘this job of producing 
yrounds Transformers ... savings are only to be expected. 





PARMEKO LTD., LEICESTER. Makers of Transformers 
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Frequency Modulation 
(K. R. Sturley) 


Frequency modulation is likely to 
play an important part in post-war 
radio developments. The present 
position of this method of communi- 
cation is reviewed; a brief discus- 
sion of the features of the three 
methods of modulation—amplitude, 
frequency and phase—is followed by 
a survey of the history of frequency 
modulation, with a consideration of 
its limitations, advantages and 
present applications. 

The first of the two main sections 
of the paper is concerned with the 
production of a frequency-modulated 
signal: direct and indirect (inte- 
grated phase-modulation) methods are 
examined with particular reference to 
the variable-reactance valve modu- 
lator with automatic mean-frequency 


correction, and the indirect trans-. 
posed-sideband modulators with a 
crystal-controlled master oscillator. 


Measuring and monitoring equipment 
is also described. 

The second main section deals with 
frequency-modulated reception, and 
indicates the essential features of a 
frequency-modulated receiver, which, 
except for the amplitude limiter and 
frequency-to-amplitude convertor (ex- 
amined in detail) is similar to its 
ultra-short-wave counterpart for am- 
plitude modulation. Also included 
are three sub-sections dealing with 
tuning indicators, frequency-deviation 
compression, and distortion and inter- 
ference. Possible future developments 
are discussed and there is a biblio- 
graphy of the most important contri- 
butions to the literature of frequency 
modulation made over the past twenty 
years. 

—Jour. 1.E.E., to be published. 


The Action of a Direct Radiator Loud- 
speaker, with a non-linear cone sus- 
pension system 
(H. F. Olson) 

During the past few vears a num- 
ber of mathematical investigators 
have directed their efforts toward the 
solution of differential equations with 
variable coefficients. These araiyses 
are useful in explaining some of the 
phenomena which occur in electro- 
acoustic vibrating systems with non- 
linear elements. In particular, this 
mathematics may be used to explain 


the various phenomena exhibited by a 
direct radiator loudspeaker with a 
non-linear cone suspension system. 
One of the effects is a jump phenome- 
non in the response . frequency 
characteristic. Another cffect is the 
production of harmonics and subhar- 
monics, 

—Jour. Acous. Soc. 

1944. 
Single- and Double-Stub 
Matching 
(A. H. Wing and J. Eisenstein) 

Single- and double-stub impedance 
matching on transmission-line feeders 
are described. Formule determining 
the position and the length of a 
single matching stub for any load 
impedance or any observed standing- 
wave voltage distribution are derived, 
neglecting losses in the matching sec- 
tions. Conditions for minimum length 
of stub and minimum distance be- 
tween load and stub are specified. 
For the double-stub arrangement, 
expressions for the lengths of and 
distance between stubs are derived 
for any possible combination of load 
and distance between _ stubs. A 
double-stub tuner with any fixed dis- 
tance between stubs cannot match all 
loads to the feeder, and the limits are 
specified. The optimum location on 
the feeder of the double-stub tuner is 
discussed. A graphical method em- 
ploying a circle diagram for com- 
puting the lengths and position of the 
stubs is explained. The graphical 
determination of the stub lergths of 
the double-stub tuner is facilitated by 
auxiliary circular loci which also 
indicate the range of admittances 
over which an impedance match may 
be effected ‘ 

—Jour. Appl. Phys. 1944. 


Books reviewed in this 
Journal, can be obtained: 
from 


H. K. LEWIS & Co. Ltd. 
136 Gower Street, W.C.| 


If not in stock, they will be obtained 
from the Publishers when available 


Am.* July, 


Impedance 
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A Cyclotron which allows the Accelerated 
Particles to Emerge in a Direction Parallel to 
the Dee Interface. 


P. Gerald Kruger, G. K. Groetzinger, J. R. Richardson. 
E. M. Lyman, W.E. Ogle, M. E. Nelson, G. Schwarz, 


- B. Greene, N. C. Colby, R. W. Lee, C. E, 
McClellan, D. Scage Lloyd Smith, and F. K. 
Talmadge. 


Rev. Sci. Inst., Dec. 1944, ~. 333. 
Old Uncle Tom Cobley and All. 


The Theory of Transmission Lines 
(E. N. Dingley) 

The purpose of this article 1s not 
to present new material but only to 
describe, ‘in step-by-step fashion, the 
derivation of the formulas necessary 
to the solution of transmission-line 
problems and to demonstrate, by 
examples, how to use these formulas. 
This treatment will be helpful to 
students and to engineers not regu- 
larly confronted with transmission- 
line problems, 

—Proc. 1.R.E., Vol. 33, Feb., 1945, 

p. 438. 


MEASUREMENT 


Calibrated Response Curve Tracer 
(G. L. Hamburger) 

An apparatps is described which 
greatly facilitates the alignment of 
R.F. and I.F. band-pass amplifiers, 
With its aid the response curve of the 
amplifier to be aligned is continuously 
traced on the screen of a cathode-ray 
tube in conjunction with a co- 
ordinate system of frequency and 
amplitude derived from a standard 
signal generator. 

—Wireless Engineer, 

(1945), Pp. 170. 


The Measurement of Balanced and 
Unbalanced Impedances at Frequencies 
near 500 Mc/s. and its application to the 
determination of the propagation con- 
stants of cables 
(L. Essen) 

Apparatus is described suitable for 
the measurement of balanced and 
unbalanced impedances at frequen- 
cies above 400 Mc/s. It consists of 
an air-spaced concentric line for 
unbalanced impedances and a screen 
twin line for balanced impedances. 
The length of line can in each case 
be varied by means of a movable 
bridge carrying a _ thermo-junction 
unit. The component to be measured 
is connected to the open end of the 
line, which is then adjusted to current 
resonance by the movement of the 
bridge. The impedance is evaluated 
from the readings of resonant length 
and the width of the resonant curve. 

The results of measurements of a 
series of. small ceramic condensers 
and carbon. and metallised resistors 
are included in the paper, 

—Jour. 1.E.E., Part 3. June, 1944, 

p. 84. 
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* Abstracts supplied by the courtesy of Metropolitan 
Park, Manchester 


Vickers Electncal Co. Ltd., Trafford 
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A New Quartz Photocell 
for the Ultraviolet 


HE most frequently used photo- 
cell for the _ detection of 


ultraviolet light has hitherto 
been the ‘‘sodium cell,’’ con- 
sisting of a glass bulb incorporat- 
ing a sodium photocathode and pro- 
vided with a quartz window to 
transmit radiation of wavelengths 
below 3,500 A. 

The sodium-photocell has two 
features which are inconvenient for 
many practical applications: Firstly, 
the sensitivity, expressed in quantum 
yield, is low so that with the small 
amount of energy available from 
light sources in the wavelength range 
between 2,000 and 3,00 A only ex- 
tremely small photocurrents are pro- 
duced. Secondly, the sodium cell has 
hardly any sensitivity for visible 
light, which necessitates the use of 
a second photocell of different colour 
response for measurements ranging 
from the ultraviolet into the visible 
spectrum, 

Both these difficulties have been 
overcome by the use of the antimony- 
caesium photocathode which has been 
developed in recent years for the de- 
tection of visible light. In actual 
manufacture it has been found very 
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Developed by 
Cinema-Television, Ltd. 


difficult to produce a glass cell with 
antimony-caesium cathode and quartz 
window because there does not seem 
to exist any cement which makes a 
vacuum-tight seal between quartz and 
glass and which at the same time 
does not react with caesium vapour 
during the sensitising process. The 
simplest solution proved to be a ceil 
made entirely of fused quartz. 

Such a quartz photocell witb 
antimony-caesium cathode is shown 
in Fig. 1.. The cell has a total length 
of 10 cm. (excluding base) and a 
diameter of 3.6 cm. The cathode is 
of semicylindrical shape and has an 
area of approximately 10 cm.’ 

The antimony-caesium cathode 
is sensitive to wavelengths between 
2,000 and 6,500 A, with a peak 
sensitivity at between 4,000 and 
4,600 A. In the ultraviolet range the 
cell is superior to the sodium cell by 
a factor of the order of 100 to 500. 
These figures refer to vacuum cells; 
the antimony-caesium cell can also be 
made as a gasfilled cell, but in view 
of its high primary sensitivity and 
the additional difficulties introduced 
by gasfilling, the use of the vacuum 
cell is, as a rule, advisable for 
precision measurements. 
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“DELAFLEX” Sleevings adequately 
fulfil the vital fun¢tions of protection 
and insulation at every point in the 
internal wiring of all Radio and 
Electrical apparatus. ‘‘DELAFLEX"’ is 
available in id. of from 0.5mm. to 
35.mm. in varying types to Specification. 
The Rolled Silk range is specially made 
for use in tropical equipment. Fullest 
details, samples and prices gladly 


‘sent on request. 
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If you are inclined to the view that your 
instruments deserve a case that is 
better built and of more attractive and 
functional design, or you build equip- 
ment that needs precision sheet metal 





work, you will be interested to have 
this catalogue. A penny stamp and the 
request on your business letterhead 
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Varley forVictory 


Our products at present are for “ Priority ’ 
demands. 


For Peace, we will bring you new designs, 
incorporating the experience of 40 years as 
manufacturers of high-class products. 


OLIVER PELL CONTROL LTD. 


CAMBRIDGE ROW, BURRAGE ROAD, WOOLWICH, 
LONDON, S.E. 


VETO (hY for Peace 














KII0? Of course — 


all our Transformers, Chokes and 
Inductances are fully Tropical in 
addition to being Precision Jobs. 


An accuracy of 2% is not so very 
common in standard products, which 
may be the reason why the Govern- 
ment Research Establishment and 
Industrial Research Groups favour 

R} us with their special require- 


v. ments. 


i ELECTRONICS LTO. 


KING ST., EXETER, DEVON 


LONDEX fer RELAYS 


The wide range of 
Londex Relays in- 
cludes a Variety of 


TYPES APPROVED 
b 

















y 
AIR MINISTRY 
M.A. P. 
& ADMIRALTY 
Ask for details 
and leaflet 205/EO 


Multiple contact 
Relay LF 
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TRANSFORMERS & COILS 


to specification 
MANUFACTURED or REWOUND 
STANLEY CATTELL, LTD. 


East Street, TORQUAY, DEVON 
Phone Torquay 2162 


9-11, 

















DUAL TESTOSCOPE 


This New 
Dual Model 
S indicates 2 to 30 
ain volts and 100-750 
~~ volts. Send for interesting leaflet 
au L 24 on “* Testing.”’ 


RUNBAKEN MANCHESTER:/ 













Electronic Engineering 





CLASSIFIED _ANNOUNCEMENTS. 


The charge for wisudiiannenn advertisements 
on this page is 12 words or less 4/- and 
for every additional word. Box numbers 
count as four words,plus 1/- extra for replies. 
Remittance sh acc y advertise- 
ment. Cheques and P.O.’s payable to 
Hulton Press Ltd., 43 Shoe Lane, E.C.4. Press 
date—!5th month for following issue. 














a FOR SALE 
IN STOCK, Rectifiers, Accumulator Chargers, 
Rotary Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, 
etc., Special Transformers quoted . for.—University 
Radio, Ltd., 22, Lisle Street, London, W.C.2. 


Ger. 4447. 
LOUDSPEAKERS 


LOUDSPEAKERS—We carry on. Sinclair Speakers, 
12, Pembroke Street, N.1. 


LOUDSPEAKER repairs, British, American, any 


make, moderate prices.—Sinclair Speakers, 12, 
Pembroke Street, N.1. 
MISCELLANEOUS 


WE WILL BUY at your price used radios, ampli- 
fiers, converters, test meters, motors, pick-ups, 
speakers, etc., radio and electrical accessories. Write. 
phone or call, University Radio Ltd. 22, Lisle 
Street, London; W.C.2. Ger. 4447. 


WEBB'S Radio Map of the World enables you to 
locate any station heard. Size 40° by 30° 2 colour heavy 
Art Paper, 4/6, oy 6d. Limited supply on Linen, 10/6, 

tt 6d.— Webb’s Radio, 14, Soho Street, London, W.1 
*Phone : GERrard 2089. 


MORSE Practice Equipment for Class-room or 
Individual Tuition. Keys, Audio Oscillators for both 
battery or main operation. Webb's Radio, 14, Soho 
Street, London, W.1. Phone : GERrard 2089. 


RADIO-ELECTRIC PATENTS. Well known 
London Radio Component manufacturers are open to 
consider patents or designs for post-war period. 
Write: Progress c/o Alfred Bates and Son, Ltd., 130, 
Fleet Street, London, E.C.4. 


MECHANICAL ENGINEERS to the Electronic 
Industry. Precision and Optical Instruments of all 
types designed and constructed in collaboration with 
Electronic Engineers. Tecnaphot, Ltd., Mile Lane, 
Coventry. 


THE TECHNICA CAMERA CO., 21, William IV 
Street, W.C.2, consulting photographic engineers to 
H.M. Government Departments, undertake the solving 
of photo-electric and other problems. 


FEW ONLY. 2} in. P.M. speakers, 27s., C.O.D. or 
C.W.O. 2 mA meters with 300 and 600 voltshunt, £3. 
Hayes Radio, 18, Holloway Arcade, London, N.7. 


TELE-RADIO (1943), LTD.—for brand new good 
quality components at manufacturers’ list prices. 
Suppliers to British and Allied Services and Government 
Departments, professional constructors and amateurs 
who want only the best. 

Weston meters o-1 mA, £2 10s., 0-500 micro amps, £3. 
0-100 micro amps, £3 15s. 0-50 micro amps, £4 I0s. 
1mA instrument rectifiers, 12s. 6d. ‘ Spot-on’”’ wire 
wound precision resistors plus or minus .05 per cent., 
5s. 6d. each (up to 50,000 ohms only). Single pole 12 
position switches, 3s. 6d. each, # pole 3 way, 3s. 6d. 
each. Cathode Ray Tubes, G.E.C., 14 in., £2 15s. 
Cossor 23D, 2} in., £3 6s. Cossor 26D, 4} in., £6 ros. 
Cossor GDT4B gas filled triode, 24s. 4d. High voltage 
rectifiers and condensers. Potentiometers carbon, 
48. 6d., with switch, 6s. 6d., wire wound, 6s. 6d., all 
usual values. Crystals too Ke., 45s. od. (P.O. 


Permit). Rothermel crystal pick-ups, £3 13s. 6d., and 
£3 18s. od. (High fidelity Red Label, ros. extra). 
Celestion, Goodman and Vitavox speakers. Wearite 


P. coils and I.F. Transformers. Wavechange switches, 
variable condensers and trimmers, etc. Comprehensive 
stocks of British and American valves. Steel racks, 
chassis, panels and cabinets—any specification (callers 
only). Unlimited resources for technical information 
to callers. Postal inquiries acknowledged same day. 
Cash or C.O.D. orders, if in stock 24 hours service. 
Postage and packing extra on all goods. 


TELE-RADIO (1943), LTD., 177a, Edgware Road, 
London, W.2 (Corner of Edgware Road and Sussex 
Gardens). Phone: Pad. 6116. Telegraphic address : 
“ Goahead,”’ Padd., London, 


CHASSIS, brackets, clamps, shrouds, etc., made 
quickly, accurately, with professional finish, in A.A, 
BENDERS. Used by large radio manufacturers, in- 
valuable to experimental engineers. Full details, 
free, from A.A. TOOLS, 197a, Whiteacre Road, 
Ashton-under-Lyne. 
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Classified Announcements (Contd.) 


BERRY’S (SHORT-WAVE), LTD., for Quality 
RADIO AND ELECTRONIC EQUIPMENT. CR. 
Tubes, 14 in., 55s., 2$ in., 66s., 44 in., £6 Is. od, 
Meters o-1ImA, 77s. 6d., o-5mA, 57s. 6d., o-1omA, 
63s. Amplifiers, 5w, £16 Tos. od., I5w, 25 gMs., 30w, 
33 gms. Variables .0005 mfd., single, 8s., dual, 
14s. 11d. Ceramic S.W., .ooo1, 4s. " 6d., -O0016, 4s. gd., 
15 mmf., 3s. 6d., 25 mmf., 3s. 9d., 40 mmf., 4s. 6d. 
75 mmf., midget, 6s. Reactions and Differentials, al! 
values ; Midget I.F.’s, ros. each. Metal Cabinets with 
hinged lid, panel and chassis, 39s. 6d., 63s. 2 Jacks, 
Jack plug and 2 yd. cord, 8s. 6d. Pilot lamp indicators, 
all colours, 1s. 9d. P.M. Speakers, 2$ in., 27s., 3 in, 
30s., 6 in., 24s. 6d., 8 in., 27s. 6d., 10 in., 42s. Fuse 
holders, single, 2s. 6d., twin, 3s. 6d. Glass shackle 
insulators, 2s. Stand offs, 6d.. 8d., 1od. Couplers, 
rigid, 6d., flexible, 1s. 3d. Switches, DP/ST, 33s. 
DP/DT, 3s. 6d., 10-way, 4s. 6d Yaxley 2 bank, 
6s. od., 3 bank, 8s. 6d., 5 bank, ros. 6d. Ceramic 
Valvebases, feed throughs, formers, etc. Radio 
Manuals, etc. Send S.A.E. for List ‘‘ E,’’ to Berry's 
(Short-Wave), Ltd., 25, High Holborn, London, 
W.C.1. (Tel. HOLborn 6231.) 


SITUATIONS VACANT 
A.M.LE.E., City and Guilds, etc., on “NO PASS - 
NO FEE” terms. Over 95% Successes. For full 
details of modern courses in all branches of Electrical 
Technology send for our 112-page handbook—FREE 
and post-free. B.I.E.T., (Dept. 337B), 17 Stratford 
Place London, W.1. 


TELEVISION RESEARCH Assistant 
Experience essential. Box No. 723, “ 
Engineering.” 

GLASS BLOWER required for television laboratory. 
Box No. 724, “‘ Electronic Engineering.” 
ASSISTANT DIRECTOR OF RESEARCH re 
quired by firm of Communication Engineers in S.W. 
London Area. Applicants must be thoroughly con 
versant with transmitter designs for medium and high 
frequencies. Apply to Box No, 721, “ Electroni 
Engineering.” 

PHILIPS have post-war vacancies for Senior Engineer 
Designers well experienced in the fields of Radio and 
Television Telecommunications. Applications are 
invited from Engineers over 30. A Degree standard in 
Light Electrical Engineering is essential, together with 
a background of practical experience which will be of 
assistance in undertaking Design work for mass 
production. Salary by arrangement and according to 
qualifications. Applications with full details to the 
Secretary, Philips Lamps Limited, New Road, 
Mitcham Junction, Surrey. 

CONDENSER ENGINEER. Applications are invited 
from Senior Engineers for a post in connection with the 
development after the war of electrical condensers of 





—~e 


required, 
Electronic 


a 


paper ceramic and mica dielectric types. Box 725, 
** Electronic Engineering.” 
A SENIOR TECHNICIAN required. — Science 


degree, A.M.I.E.E., or equivalent, in Radio Engineer- 
ing. Must have had experience in designing receivers 
and associated electronic apparatus. Please send full 
details of career, etc., to Box 727, ‘“* Electronic 
Engineering.” 

YOUNG TECHNICAL ASSISTANT to Works 
Manager required. Sound practical knowledge ot 
radio and light electrical equipment essential. Will be 
required to sketch out mechanical design details. 
Excellent post-war prospects. Apply in writing to 
Easco Electrical, London, S.W.9. 

SITUATIONS WANTED 

YOUNG MAN, with Matriculation standard educa: 
tion, seeks progressive post-war position as Assistant 
Development Engineer. 6 years’ experience of develop 
ment and manufacture of prototype electronic 
instruments. Box No. 722, “ Electronic Engineering. 


ELECTRONICS ENGINEER seeks _tech.-admin. 
position with scope. Research, development and tes! 
laboratory, production and process layout organisa 
tional experience. Now under E.W.O. Salary mi. 
£650 p.a. Box 726, “* Electronic Engineering.” 
WANTED 

WE OFFER cash for good modern Communication 
and all-wave Receivers.—A.C.S. Radio, 44, Widmore 
Road, Bromley. 


TRANSFORMERS 


to customers’ specifica- 
ralelit wel am lamer lacelach tales 
standard list. 


W. BRYAN SAVAGE LTD. | 


Westmoreland Reed, Londen, N.W.9. Colindale 7131 








with 
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OVER Q.M.B. MAINS TOGGLE-SWITCHES 

200 TYPES FOR PANELS/CHASSIS up to ¥” thick, 
TO 6-250 v., A.C. or D.C., up to 5A-peak ; 
CHOOSE FROM also, SPECIAL LOW-VOLTAGE TYPES. 


1—Quick-attion controlled by nickel-plated dolly (i.e. lever) pivoted 
in the fixing-bush. 


2—Indication-plates, keying to the fixing-bush, are made with normal 
codings : on-off ; off-on ; .Radio-gramo, etc. 


3—One Hole fixing (max. thickness fe”) by %’¢ 32 t.p.i. bush, with 
knurled front finger-nut. 


4—Rear-of-panel nut, essential for firm fixing, for tightening behind 
panel. 


— oe d solder tags (integral with fixed contacts) accept wires 
up to 18 S.W.G. or equivalent. 


6—Massive silver-plated contacts, self-cleaning, ensuring low contact 
resistance, even at minimum voltage-rating. 


7—Compression-spring ‘‘ tumbling ’’ action, ensuring q.m.b. and firm 
contact pressure, even under acceleration of the order of 7-g. 


8—Insulant stacking of approved materials of tropical grade, maintaining 
any leak-to-earth current at a negligible-percentage of circuit 
current. 


(Output I.S.C.C.-allocated at present). 


The choice of Cries 


ee a / 
U F G I N WIRE CO., LTD. 
(The name “BULGIN” is a Registered Trade Mark) 19 QUEEN ANNE’S GATE 
A. F. BULGIN & COMPANY LTD. WESTMINSTER S.W.I 


BYE PASS ROAD, BARKING, ESSEX 
Tel. : RIPPleway 3474 (5 lines) Telephone :- WHITEHALL 2552 
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THE SYMBOL 358*X 










RELIABILITY 





We quote (and substantiate \pn test) figures giving the 








sensitivity, selectivity and \general performance of 


the ‘‘ 358X’ receiver. But\this is only half the story. Communication Receiver 


Service requirements dictate the highest reliability, ; 





Gta ~ 







am made possible in this réceiver by many years 
experience in the desi and production of 


specialized radio compdnents and apparatus. 





The continuous reliability exemplified by the 
‘* 358X"’ is the outcome of efficient over-all 
design allied with extreme attention to elec- 
trical and mechanical \ details. Complete 
' le in 30-page In- 
| \ structional Booklet on \‘* 358X "’ indiading 


all circuit values. ice 2/6, post free. 
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